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Description 

[0001] The present invention relates to an electric 
generation control system for use on a hybrid vehicle 
having a propulsive electric motor energizable by a bat- 
tery and an electric generator actuated by an internal 
combustion engine for energizing the propulsive electric 
motor. 

[0002] Growing concern in recent years over environ- 
mental protection has led to various efforts to develop 
for practical applications electric vehicles which have a 
propulsive electric motor energizable by a battery to 
transmit "drive forces to drive wheels for propelling the 
electric vehicle. One of the important requirements for 
such electric vehicles to satisfy is that the range which 
they can travel without recharging the battery be maxi- 
mized and the discharging of the battery be minimized 
for increased battery service life. 
[0003] One solution disclosed in Japanese laid-open 
patent publication No: 4-29504 is a hybrid vehicle car- 
rying an electric energy generating apparatus having an 
electric generator and an internal combustion engine for 
actuating the electric generator. Electric energy gener- 
ated by the. electric generator is supplied to charge a 
battery or to energize a propulsive electric motor. 
[0004] While the disclosed hybrid vehicle is running, 
-the battery energizes the electric generator to operate 
as an electric motor in a motor mode to start the engine. 
After the engine has been-started, the electric generator 
is switched from the motor mode to a generator mode 
in which it is actuated by the engine to generate electric 
energy, which is supplied to the battery or the propulsive 
electric motor. 

[0005] EP-A-570241 discloses a further hybrid vehi- 
cle which heats. a catalyst, then operates the engine in 
a warm up mode and a power generating mode, and 
also leaves the engine running after the vehicle is 
stopped, if the battery is not sufficiently charged. 
[0006] Hybrid vehicles of the type described above 
are also required to meet demands for environmental 
protection. However, while the electric generator is be- 
ing actuated by the engine, the engine emits exhaust 
gases into the atmosphere. Although toxic emissions 
harmful to the environments can be reduced from the 
exhaust gases with a system composed of an exhaust 
gas sensor, an exhaust gas purifying catalyst, etc. dur- 
ing stable operation of the engine, undesirable harmful 
emissions tend to be discharged from the engine espe- 
cially when the engine is started because the fuel com- 
bustion in the engine is unstable at the engine start. 
[0007] Another problem is that when the electric gen- 
erator is switched from the motor mode to the generator 
mode, the engine is subjected to load variations. If the 
load variations are large, then the operation of the en- 
gine becomes unstable, causing the engine to vibrate 
undesirably or emit unwanted harmful exhaust gases. 
[0008] To supply the generated power from the elec- 
tric generator to the battery and the propulsive electric 



motor for extending the range that the vehicle can travel 
while maintaining necessary vehicle performance fac- 
tors, the electric generator should preferably be operat- 
ed frequently. 

5 [0009] However, such frequent operation of the elec- 
tric generator is not desirable from the standpoints of 
environmental protection and battery life as it requires 
simultaneous frequent operation of the engine. 
[0010] For the above reasons, it has been desired to 

10 control the hybrid vehicle by starting the electric energy 
generating apparatus with accurate timing in view of the 
conditions of the battery and the vehicle driving perform- 
ance factors, and also by starting the engine and switch- 
ing between the generator modes under suitable oper- 

15 ating conditions in view of the exhaust gas properties 
and vibration characteristics of the engine. 
[0011] It is therefore an object of the present invention 
to provide an electric generation control system for use 
■on a hybrid vehicle which is capable of starting an elec- 

20 trie energy generating apparatus on the hybrid vehicle 
with accurate timing under suitable operating conditions 
for thereby sufficiently optimizing the exhaust gas prop- 
erties and vibration characteristics of an engine on the 
hybrid vehicle for environmental protection and also for 

25 increasing the range that the hybrid vehicle can travel 
and the service life of a battery on the hybrid vehicle. 
[0012] To accomplish the^above object, there is pro- - 
vided in accordance with the present invention an elec- 
tric generation control system for use on a hybrid vehicle 

30 having a vehicle propelling apparatus including a battery 
and a propulsive electric motor energizable by the bat- 
tery, and an electric energy generating apparatus in- 
cluding an engine and a generator actuatable by the en- 
gine, the generator being operable in a motor mode in 

35 which the generator is energized by the battery to oper- 
ate as a starter motor for starting the engine while the 
vehicle propelling apparatus is in operation, and a gen- 
erator mode in which after the engine is started, the gen- ' 
erator is actuated by the engine to generate electric en- 

40 ergy to be supplied to the battery and/or the propulsive 
electric motor, wherein the electric generation control 
system comprises remaining capacity recognizing 
means for recognizing a remaining capacity of the bat- 
tery, start signal outputting means for issuing a start sig- 

45 nal to activate the electric energy generating apparatus 
when the remaining capacity of the battery "as recog- 
nized by the remaining capacity recognizing means is 
either lower than a predetermined threshold value or 
sharply reduced, and an exhaust gas sensor associated 

50 with the engine for detecting exhaust gases emitted 
from the engine, and wherein the system is character- 
ised in that it further comprises exhaust gas sensor ac- 
tivating means for energizing and activating the exhaust 
gas sensor based on the start signal, exhaust gas sen- 

55 sor activation determining means for determining 
whether the exhaust gas sensor has been activated or 
not after the exhaust gas sensor has started being en : 
ergized, engine start signal outputting means foroutput- 
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ting an engine start signal to start the engine based on 
a signal from the exhaust gas sensor activation deter- 
mining means, which indicates that the exhaust gas 
sensor has been activated, cranking means for energiz- 
ing the generator with the battery to operate the gener- 
ator as the starter motor in the motor mode based on 
the engine start signal, and controlling the generator' to 
equalize a rotational speed of the engine actuated by 
the generator to a predetermined starting rotational 
speed, engine control means for starting to supply fuel 
to the engine when the rotational speed of the engine 
reaches the predetermined starting rotational speed, 
and starting to combust the fuel in the engine while-mon- 
itoring exhaust gases from the engine with the exhaust 
gas sensor, full-combustion determining means for de- 
termining whether combustion of the fuel in the engine 
has reached a fully combusted state representing stable 
fuel combustion in the engine, and generator operation 
switching means for switching operation of the genera- 
tor from the motor mode to the generator mode based 
on a signal, which indicates that combustion of the fuel 
in the engine has reached the fully combusted state, 
from the full-combustion determining means. 
[0013] With the above arrangement, when the re- 
maining capacity of the battery which is recognized by 
the remaining capacity recognizing means is either low- - 
er than the predetermined threshold value or sharply re- 
.duced, so that the electric energy from the battery alone 
is not enough to energize the propulsive electric motor 
for propelling the hybrid vehicle with sufficient drive forc- 
es, the start signal outputting means outputs a start sig- 
nal to activate the electric energygenerating apparatus. 
Based on the supplied signal, the electric energy gen- 
erating apparatus is activated to generate electric ener- 
gy which is supplied to the battery and the propulsive 
electric motor. Therefore, it is possible to operate the 
electric energy generating apparatus at an adequate 
time depending on the conditions of the battery. 
[0014] To activate the electric energy generating ap- 
paratus, the exhaust gas sensor activating means en- 
ergizes the exhaust gas sensor to activate the same, 
and when the exhaust gas sensor is activated, the 
cranking means actuates the generator as a starter mo- 
tor for thereby cranking the engine. When the rotational 
speed of the engine that is cranked reaches the starting 
rotational speed, the engine control means starts com- 
busting fuel in the engine. The fuel combustion in the 
engine begins when the engine is cranked at the starting 
rotational speed at which the engine discharges exhaust 
gases with good properties and when the exhaust gas 
sensor is activated. Consequently, the fuel in the engine 
is combusted smoothly while the discharged exhaust 

^^gases^reikeeping .good pmpArt.oc - — 

[0015] When the fuel combustion in the engine reach- 
es a fully combusted state and becomes stable, the gen- 
erator operation switching means switches operation of 
the generator from the motor mode to the generator 
mode. Since the generator switches its operation while 



the fuel combustion in-the engine is in the fully combust- 
ed state, the engine is prevented from operating unsta- 
bly and hence smoothly actuates the generator. 
[0016] According to present invention, therefore, the 

s electric energy generating apparatus is started at an ad- 
equate time depending on the conditions of the battery. 
The engine has exhaust gas properties and vibration 
characteristics optimized for environmental protection, 
and the range which the hybrid vehicle can travel without 

10 recharging the battery can be maximized and the serv- 
ice life of the battery can be increased. 
[0017] The starting rotational speed of the engine at 
which the fuel combustion is optimum is affected by the 
engine temperature or intake temperature of the engine. 

15 Consequently, if the starting rotational speed is selected 
depending on the engine temperature or intake temper- 
ature of -the engine, the fuel combustion is made reliably 
optimum for sufficiently minimizing unwanted exhaust 
emissions. 

20 [001 8] For.smoothly switching operation of the gener- 
ator between the motor and generator modes, it is pref- 
erable to reliably determine the fully combusted state of 
the fuel combustion in the engine. In this respect, it has 
been found that the load on the engine when the fuel 

2B combustion is in the fully combusted state is greater 
than when the engine is cranked by the cranking means 
and smaller than when the engine starts combusting fu- 
el. The electric generation control system further pref- w 
erably includes load detecting means for detecting a 

30 load on the engine, and the full-combustion determining 
means comprises means for determining that combus- 
tion of the fuel in the engine has reached the fully com- 
busted state when the load on the engine is detected by 
the load detecting means as falling in a predetermined 

35 range between a predetermined engine load to be im- 
posed when the engine is cranked by the generator as * 
the starter motor in the motor mode and a predeter- 
mined engine load to be imposed when the engine starts 
to combust the fuel. 

40 [0019] In addition, the full-combustion determining 
means preferably comprises means for determining that 
combustion of the fuel in the engine has reached the 
fully combusted state when the load on the engine is 
detected by the load detecting means as falling in the 

45 predetermined range continuously for a predetermined 
period of time. Since the engine load to be imposed 
when the engine is cranked and the engine load to be 
imposed when the engine starts to combust the fuel vary 
depending on the rotational speed of the engine, these 

50. engine loads are preferably established in advance de- 
pending on the rotational speed of the engine. , 
[0020] In this manner, the fully combusted state of the 
fuel in the engine can be determined highly reliably 
Therefore, the generator is switched between the motor 

55 and generator modes when the combustion of the fuel 
. in the engine has reached the fully combusted state. 
When the generator is switched between the motor and 
generator modes, the engine is prevented from operat- 
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ing unstably and from discharging undesirable exhaust 
emissions. 

[0021] The electric generation control system prefer- 
ably further includes an exhaust gas purifying catalyst 
energizable for activation for purifying the exhaust gas- s 
es from the engine. The engine is cranked and fuel starts 
being combusted in the engine when both the exhaust 
gas purifying catalyst and the exhaust gas sensor are 
activated. With this arrangement, a process of control- 
ling operation of the engine while monitoring an output to 
signal from the exhaust gas sensor and a process -of 
purifying exhaust gases with the exhaust gas purifying 
catalyst are reliably carried out from the start of the en- 
gine, so that the engine has reliably improved exhaust 
emission performance. An activated state of the exhaust is 
gas purifying catalyst is determined when the exhaust 
gas purifying catalyst has been energized for at least a 
period of time required to activate the exhaust gas pu- 
rifying catalyst or the exhaust gas purifying catalyst has 
been heated to at least a predetermined temperature. - 20 
[0022] The generator operation switching means 
preferably comprises means for switching operation of 
the generator by gradually reducing an amount of elec- 
tric energy supplied to the generator when the generator 
operates in the motor mode and thereafter gradually in- 25 
creasing an amount of electric energy generated by the 
generator when the generator operates in the generator 
mode. This arrangement minimizes sharp variations in 
the engine load when the generator is switched between 
the motor and generator modes, with the results that the 30 
engine operates stably, preventing unwanted exhaust 
emissions and undue engine vibrations. 
[0023] While the electric energy generating apparatus 
is in operation, drive'forces of the engine are reduced 
and hence the generated output of the generator is also 35 
reduced when the atmospheric pressure is lowered. At 
\\ft\s time, the amount of electric energy supplied from 
the generator to the battery and the propulsive electric 
motor becomes low, allowing the capacity of the battery 
to be lowered early. In view of this, the electric genera- 40 
tion control system preferably further includes atmos- 
pheric pressure detecting means for detecting an at- 
mospheric pressure, and remain ing-capacity threshold 
value setting means for establishing the predetermined 
threshold value depending on the atmospheric pressure *s 
detected by the atmospheric pressure detecting means 
such that the predetermined threshold value is higher 
as the atmospheric pressure detected by the atmos- 
pheric pressure detecting means is lower. While the hy- 
. brid vehicle is running under a relatively low atmospher- 50 
ic pressure, e.g. on a highland where air available for 
combusting fuel in the engine is relati vely thin, when the 
drive forces of the engine are lowered and the amount 
of electric energy generated by the generator is re- 
duced, the generator supplies generated electric energy 55 
to the battery and the propulsive electric motor at an ear- 
ly stage. Consequently, the capacity of the battery is pre- 
vented from being lowered too early. The hybrid vehicle 



can therefore travel a sufficiently long range on highland 
in the same manner as when it runs in plain geograph- 
ical regions. 

[0024] The electric energy that can be output by the 
battery is reduced as the remaining capacity of the bat- 
tery is lowered. If an effective, maximum electric energy 
that can be output by the battery at a minimum drive 
voltage of the propulsive electric motor is lower than a 
maximum output which is required to be produced by 
the propulsive electric motor, then the electric energy 
from the battery to the propulsive electric motor alone is 
not enough to keep sufficient drive forces required to be 
produced by the propulsive electric motor. If the current/ 
voltage characteristics of the battery are known, then 
the effective maximum electric energy that can be out- 
put by the battery is determined as the product of a cur- 
rent of the battery at the minimum drive voltage of the 
propulsive electric motor and the minimum drive voltage 
based on the current/voltage characteristics of the bat- 
tery. The 'current/voltage characteristics of the battery 
may be determined from a plurality of sets of battery cur- 
rents and voltages that are determined from time to time. 
[0025] The electric generation control system prefer- 
ably further includes battery voltage detecting means for 
detecting a voltage across the battery, battery current 
detecting means for detecting a current of the battery, 
current/voltage characteristics detecting means for de- 
tecting current/voltage characteristics of the battery 
based on the voltage detected by the battery voltage de- 
tecting means and the current detected by the battery 
current detecting means, and effective maximum output 
calculating means for determining an effective maxi- 
mum output which can be produced by the battery at a 
predetermined minimum drive voltage for the propulsive 
electric motor from the current/voltage characteristics 
detected by the current/voltage characteristics detect- 
ing means, the start signal outputting means comprising . 
means for outputting the start signal when the effective 
maximum output which can be produced by the battery 
is at most a maximum output of the propulsive electric 
motor. Under conditions in which the electric energy 
' from the battery to the propulsive electric motor alone is 
not enough to keep sufficient drive forces required to be 
produced by the propulsive electric motor, the electric 
energy generating apparatus is activated to supply elec- 
tric energy from the generator to the battery and the pro- 
pulsive electric motor. The electric energy is therefore 
supplied from the generator to the battery and the pro- 
pulsive electric motor at an adequate time for maintain- 
ing sufficient drive forces required to be produced by the 
propulsive electric motor. 

[0026] The electric generation control system prefer- 
ably further includes temperature detecting means for 
detecting an engine temperature of the engine, vehicle 
speed detecting means for detecting a vehicle speed of 
the hybrid vehicle, warm-up control means for control- 
ling the angine and the generator to operate at 4he-.ro- 
tational speed of the engine depending on the engine 
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temperature detected by the temperature detecting 
means and an amount of electric energy generated by 
the generator after the generator has been switched 
from the motor mode to.the generator mode by the gen- 
erator operation switching means, and electric genera- s 
tion control means for controlling the engine and the. 
generator to operate at the rotational speed of the en- 
gine depending on the vehicle speed detected by the 
vehicle speed detecting means and an amount of elec- 
tric energy generated by the generator after the engine io 
has been operated by the warm-up control means. With 
this arrangement, immediately after the generator has 
started generating electric energy by being actuated by 
the engine, the engine is warmed up under an appropri- 
ate load.(an amount of electric-energy generated by the is 
generator) depending on .the engine temperature. After 
the engine has been warmed up : the generator gener- 
ates an amount of electric energy commensurate with 
the amount of electric energy consumed by the propul- 
sive electric motor which corresponds to the speed of 20 
travel of the hybrid vehicle. 

[0027] The above and other objects, features, and ad- . 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate a pre- 25 
f erred embodiment of the present invention by way of 
example only. 

FIG. 1 is a block diagram of a system arrangement 
of a hybrid vehicle to which an embodiment of the 30 
present invention is applied; 
FIG. 2 is a block diagram of a portion of an electric 
energy generating apparatus of the hybrid vehicle 
shown in FIG. 1; 

FIG. 3 is a block diagram of a portion of the electric 35 
. energy generating apparatus of the hybrid vehicle 
shown in FIG. 1; 

FIG. 4 is. a diagram showing the manner in which 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 operates; *o 
FIGS. 5 and 6 are. flowcharts of an operation se- 
quence of the electric energy generating apparatus 
of the hybrid vehicle shown in FIG. 1; 
FIG. 7 is a diagram showing the manner in which 
the electric energy generating apparatus of the hy- 45 
brid vehicle shown in FIG, 1 operates; 
FIG. 8 is a flowchart of a cranking control mode of 
operation of the electric energy generating appara- 
tus of the hybrid vehicle shown in FIG. 1 ; 
FIG. 9 is. a diagram showing the manner in which so 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 operates in the crank- 
ing control mode; — 
FIG. 10 is a diagram showing the manner in which 
the electric energy generating apparatus of the hy- ss 
brid vehicle shown in FIG. 1 operates in the crank- 
ing control mode; 

FIG. 11 is a flowchart of a full-combustion decision 



mode of operation of the electric energy generating 
apparatus of the hybrid vehicle shown in FIG'. 1 ; 
FIG. 12 is a diagram showing the manner in which 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 operates in the full- 
combustion decision mode; 
FIG. 1 3 is a flowchart of a generator switching con- 
trol mode of operation of the electric energy gener-. 
ating apparatus of the hybrid vehicle shown in FIG. 

1; 

FIGS. 14(a) and 14(b) are diagrams showing the. 
manner in which the electric energy generating ap- 
paratus of the hybrid vehicle shown in FIG. 1 oper- 
ates in the generator switching control mode: 
FIG. 15 is a flowchart of a warm-up control mode of 
operation of the electric energy generating appara- 
tus of the hybrid vehicle shown in FIG. 1; 
FIG. 16 is a diagram showing the. manner in which 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 operates in the warm- 
up control mode; 

FIG. 17 is a diagram showing the manner in which 
the electric energy generating apparatus of the hy- 
: brid vehicle shown in FIG. 1 operates in the warm- ' 
up control mode; 

FIG. 18 is a flowchart of an electric generation con- 
trol mode of operation of the electric^energy gener= 
ating apparatus of the hybrid vehicle shown in FIG. 
1; 

FIG. 19 is a diagram showing the manner in which 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 operates in the electric 
generation control mode; 

FIG. 20 is a diagram showing the manner in which 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 operates in the electric ■ 
generation-control mode; 

FIG. 21 is a flowchart of a regeneration control 
mode of operation of the electric energy generating 
apparatus. of the hybrid vehicle shown in FIG. 1 ; 
FIG. 22 is a diagram showing the manner in which 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 operates in the regen- 
eration control mode; and 
FIG. 23 is a flowchart of an operation sequence of 
the electric energy generating apparatus of the hy- 
brid vehicle shown in FIG. 1 . 

[0028] As shown in FIG. 1, the system arrangement 
of a hybrid vehicle, to which an embodiment of the 
present invention is applied generally includes a vehicle 
propelling apparatus 1 and an electric energy generat- 
ing apparatus 2. 

[0029] The vehicle propelling apparatus 1 comprises 
a battery 3, a propulsive electric motor 4 energizable by 
the battery 3, a motor energy supply controller 5 includ- 
ing an invertercircuit, etc M (not shown) for control ling the 
supply of -electric-energy between the battery 3 and the 
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propulsive electric motor 4, a vehicle propulsion man- 
agement device 6 for controlling the propulsive electric 
motor 4 through the motor energy supply controller 5 
and recognizing the. remaining capacity of the battery 3, 
an accelerator operation sensor 7 for detecting an ac- 
celerator operation A carried out by the driver of the hy- 
brid vehicle, a brake switch 8 for detecting whether the 
driver has applied a braking action or not, a vehicle 
speed sensor 9 for detecting a vehicle speed V CAR: a 
current sensor 1 0a (battery current detecting means) for 
detecting a discharged current and a charged current 
(hereinafter referred to as a "battery current l B ") of the 
battery 3, a current sensor 10b for detecting a current 
(hereinafter referred to as a "motor current l M ") of the 
propulsive electric motor 4, and a voltage sensor 11 
(battery voltage detecting means) for detecting a volt- 
age (hereinafter referred to as a "battery voltage V B ") 
across the battery 3. 

[0030] The vehicle propulsion management device 6 
comprises a microcomputer or the like, and is pro-' 
grammed to perform various functions which include, as 
shown in FIG. 2, a motor control unit 12 for controlling 
the propulsive electric motor 4 through the motor energy 
supply controller 5 based on detected signals from the 
accelerator operation sensor 7, the brake switch 8, and 
the vehicle speed sensor 9, a remaining capacity rec- 
ognizing unit 13 (remaining capacity recognizing 
means) for recognizing the remaining capacity of the 
battery 3 based on detected signals from the current 
sensor 10a and the voltage sensor 11, a current/voltage 
characteristics detecting unit 14 (current/voltage char- 
acteristics detecting means) for detecting present cur- 
rent/voltage characteristics of the battery 3 based on de- 
tected signals from the current sensor 1 0a and the volt- 
age sensor 11 , and an effective maximum output calcu- 
lating unit 15 (effective maximum output calculating 
means) for determining an effective maximum output 
that can be produced by the battery 3 at a predetermined 
minimum drive voltage from the present current/voltage 
characteristics of the battery 3 which are detected by 
the current/voltage characteristics detecting unit 14. 
[0031] Basically, the motor control unit 1 2 determines 
a target torque for the propulsive electric motor 4 ac- 
cording to a preset map or the like based on the accel- 
erator operation A and the vehicle speed V CAR which 
are detected by the accelerator operation sensor 7 and 
the vehicle speed sensor 9, and imparts the determined 
target torque to the motor energy supply controller 5. 
The motor energy supply controller 5 controls the supply 
of electric energy from the battery 3 to the propulsive 
electric motor 4 with switching pulses in order to enable 
the propulsive electric motor 4 to produced the given tar- 
get torque. 

[0032] When the accelerator operation A detected by 
the accelerator operation sensor 7 is reduced or an ON 
signal (hereinafter referred to as a "braking signal BR") 
indicative of a braking action is supplied from the brake 
switch;8 .while the hybrid vehicle is running, the motoT 



control unit 12 instructs the motor energy supply con- 
troller 5 to effect regenerative braking on the propulsive 
electric motor 4. At this time, the motor energy supply 
• controller 5 supplies a regenerated current from the pro- 
5 pulsive electric motor 4 to the battery 3, thereby charg- 
ing the battery 3. The regenerated current from the pro- 
pulsive electric motor 4 is detected by the current sensor 
lOb as a motor current l M that flows from the motor en- 
ergy supply controller 5 to the battery 3. 

w [0033] Basically, the remaining capacity recognizing, 
unit 13 integrates the product of Ihe battery current l B 
and the battery voltages V B , i.e. the electric energy, 
which are detected respectively by the current sensor 
10 and the voltage sensor 11 at each sampling time for 

*5 thereby determining discharged and charged amounts 
of electric energy of the battery 3, and subtracts the dis- 
charged amount of electric energy from and adds the 
charged amount of electric energy to the initial capacity 
of the battery 3 for thereby recognizing the remaining 

20 capacity C of the battery 3 from time to time. 

[0034] The current/voltage characteristics detecting 
unit 14 stores a plurality of sets of the battery current l B 
and the battery voltages V B detected at respective sam- 
pling times in a memory (not shown) within a predeter- 

25 mined period of time that is longer than the sampling 
times. Then, as shown in FIG. 4, the current/voltage 
characteristics detecting unit 14 determines a linear 
characteristic curve "a" representing the present cur- 
rent/voltage characteristics of the battery 3 from the 

30 stored sets of the battery current l B and the battery volt- 
ages V B according to the method of least squares or the 
like. 

[0035] The effective maximum output calculating unit 
15 determines, from the linear characteristic curve "a", 

35 a current l 1 at a minimum drive voltage \A, (see FIG. 4) 
. required to drive the propulsive electric motor 4, i.e. a 
current I, that is discharged by the battery 3 when the 
voltage across the battery 3 is the minimum drive volt- 
age V v Then, the effective maximum output calculating 

40 unit 15 determines the product V of the current I, and 
the minimum drive voltage V, as an effective maximum 
output P MAX which is indicated as a hatched area in FIG. 
4. When the remaining capacity C of the battery 3 is re- 
duced, the linear characteristic curve "a" moves down- 

45 wardly as indicated by a hypothetical curve "a"' in FIG. 
4. Therefore, the effective maximum output P MAX is re- 
duced as the remaining capacity C of the battery 3 is 
lowered. 

[0036] The remaining capacity C of the battery 3, the " 
so effective maximum output P MAX the vehicle speed V CAR 
detected by the vehicle speed sensor 9, the accelerator 
operation A detected by the accelerator operation sen- 
sor 7, the braking signal BR from the brake switch 8, 
and the motor current l M detected by the current sensor 
55 1 0b are supplied to an electric generation management 
device (described below) of the electric energy gener- 
ating apparatus 2. ' , 

[0037] Drive forces generated by the propulsive elec- 
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trie motor 4 are transmitted through a power transmitting 
system (not shown) to drive wheels of the hybrid vehicle, 
thereby propelling the hybrid device. 
[0038] In FIG. 1 , the electric energy generating appa- 
ratus 2 comprises an internal combustion engine 16, an 
electric generator 17 which can be actuated by the en- 
gine 16, an engine controller 18 for controlling the en- 
gine 1 6 and auxiliary components (described later) com- 
bined therewith, a generator energy supply controller 1 9 
including an inverter circuit (not shown), etc., for con- 
trolling the supply of electric energy between the battery 
3 and the propulsive electric motor 4 or the generator 
17, a generator controller 20 for controlling the genera- 
tor 1 7 through the generator energy supply controller 1 9, 
an electric generation management device 21 for man- 
aging and controlling the electric energy generating ap- 
paratus 2 through the engine controller 1 8 and the gen- 
erator controller 20, and an atmospheric pressure sen- 
sor 22 for detecting an atmospheric pressure AT P . 
[0039] The generator 1 7 has a rotor (not shown) cou- 
, pled to the crankshaft (not shown) of the engine 16 so 
that the rotor will rotate at the same speed as the crank- 
shaft. 

[0040] The engine 16 is combined with auxiliary com- 
ponents which include an exhaust gas sensor 23, an ex- 
haust gas purifying catalyst 24, a temperature sensor 
25 (temperature detecting means) for detecting a tem- 
perature T w of the engine 16 : i.e. a coolant temperature, 
a load detector 26 (load detecting means) for detecting 
a load L on the engine 1 6, i. e. a load torque on the crank- 
shaft of the engine 16, an engine speed sensor 27 for 
detecting a rotational speed of the engine 16, i.e. a ro- 
tational speed of the generator 17, a throttle actuator 28 
for actuating a throttle valve (not shown) of the engine 
1 6, a fuel supply device 29 for supplying fuel to the en- 
gine 1 6 ; and a canister purging system 30 for purging a 
canister (not shown) associated with the fuel supply de- 
vice 29. The exhaust gas purifying catalyst 24 compris- 
es a catalyst which can.be activated when it is heated 
by an electric current supplied thereto. When the canis- 
ter needs to be purged, the canister purging system 30 
applies a canister purge request signal to the engine 
controller 18, through which the purge request signal is 
supplied to the electric generation management device 
21. The canister is purged to lower the vapor pressure 
of a fuel gas that is stored in the canister for thereby 
improving the exhaust gas emission performance of the 
engine 16. The canister is purged when the engine 16 
is temporarily in operation. 

[0041] The electric generation, management device 
21 , the engine controller 18, and the generator controller 
20 comprise a microcomputer or the like, and are pro- 
grammed to perform various functions described below.' ' 
[0042] As shown in FIG. 3, the electric generation 
management device 21 comprises a start commanding 
unit 31 (start signal outputting means) for issuing a start 
signal to the engine controller 1 8 and the generator con- 
troller 20 to activate the electric energy generating ap- 



paratus 2, a cranking commanding unit 32 for cranking 
the engine 16 to start through the engine controller 18 
and the generator controller 20, an ignition commanding 
unit 33 for igniting fuel in the engine 16 through the en- 
5 gine controller IB when the engine 16 is cranked, a 
switching commanding unit 34 for switching the gener- 
ator 1 7 from a motor mode in which it operates as a start- 
er motor to crank the engine 16 to a generator mode in 
which the generator 1 7 operates as a generator, through 

10 the generator controller 20, a warm-up control unit 35 
(warm-up control means) for controlling the engine 16 
and the generator 1 7 to operate through the engine con- 
troller 18 and the generator controller 20 when the en- 
gine 16 is warming up after it has started, an electric 

75 generation control unit 36 (electric generation control 
means) for controlling electric generation by the engine 
16 and the generator 17 through the engine controller 
18 and the generator controller 20 after the engine 16 
has been warmed up, and a regeneration control unit 

20 37 for controlling electric generation by the engine 16 
and the generator 17 through -the electric generation 
control unit 36 upon regenerative braking on the propul- 
- sive electric motor 4. The start commanding unit 31 has 
a threshold value setting unit 31a (remaining-capacity 

25 threshold value setting means) for establishing a thresh- 
old value for the remaining capacity C of the battery 3 
■ which determines the timing to start the electric energy 
generation apparatus 2. The cranking commanding unit 
32 has a starting rotational speed setting unit 32a (start- 

30 ing rotational speed setting means) for establishing a 
starting rotational speed for the engine 16, i.e. a starting 
rotational speed for the generator 17, when the engine 
16 is cranked. 

. [0043] The electric generation management device 

35 21 is supplied with various detected signals, including a 
detected signal indicative of the remaining capacity C of 
the battery 3 from the vehicle propulsion management 
device 6, and also a detected signal from the atmos- 
pheric pressure sensor 22. The electric generation man- 

40 agement device 21 is further supplied with detected sig- 
nals from the temperature sensor 25 and the engine 
speed sensor 27. Based on the supplied signals, the 
electric generation management. device 21 manages 
and controls the electric energy generation apparatus 2 

45 as described in detail later on. 

[0044] The engine controller 18 comprises a sensor/ 
catalyst energizing unit 38 for energizing and activating 
the exhaust gas sensor 23 and the exhaust gas purifying 
catalyst 24 based on a start signal issued from the start 

50 commanding unit 31 , an activation determining unit 39 
(activation determining means) for determining whether 
the exhaust gas sensor 23 and the exhaust gas purifying 
catalyst 24 have been activated or not and imparting a~ 
determined signal to the electric generation manage- 

55 ment device 21 , a starting ignition control unit 40 for con- 
trolling the ignition of fuel in the engine 16 upon start of 
the engine 16 through the fuel supply device 29 and an 
ignition device (not shown) based on an ignition com- 
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mand from the ignition commanding unit 33, a full-com- 
bustion determining unit 41 (full-combustion determin- 
ing means) for determining whether the combustion of 
fuel in the engine 16 has reached a fully combusted 
state when the engine 16 is ignited, and imparting a de- 
termined signal-to the electric generation management 
device 21, a combustion control unit 42 for controlling 
the combustion of fuel in the engine 16 through the fuel 
supply device 29 based on command signals from the 
warm-up control unit 35 and the electric generation con- 
trol unit 36, and a throttle control unit 43 for controlling 
the opening of throttle valve of the engine 16 through 
the throttle actuator 28 based on command signals from 
the cranking commanding unit 32, the warm-up control 
unit 35, and the electric generation control unit 36, when 
the engine 16 is cranked, warming up, or subsequently 
operated. 

[0045] The engine controller 1 B is supplied with com- 
mand signals from the electric generation management 
device 21 and detected signals from the exhaust gas 
sensor 23, the temperature sensor 25, the load detector 
26, and the engine speed sensor 27. Based on the sup- 
plied signals, the engine controller 18 controls the en- 
gine 16 as described in detail later on. 
[0046] The generator controller 20 comprises a motor 
control unit 44 for operating the generator 1 7 as a starter 
motor for the engine 16 through the generator energy 
supply controller 19 based on a command signal from 
the cranking commanding unit 32, a switching control 
unit 45 for switching the generator 17 from the motor 
mode to the generator mode through the generator en- 
ergy supply controller 19 based on a command signal 
from the switching commanding unit 34, and a generator 
control unit 46 for controlling electric generation by the 
generator 17 through the generator energy supply con- 
troller 19 based on a command signal from the warm- 
up control unit 35 and the electric generation control unit 
36. 

[0047] The generator controller 20 is supplied with a 
detected signal from the engine ' speed sensor 27 
through the engine controller 16 as well as command 
signals from the electric generation management device 
21. Based on the supplied signals, the generator con- 
troller 20 controls the generator 1 7 through. the genera- 
tor energy supply controller 1 9 as described in detail lat- 
er on. 

[0048] The sensor/catalyst energizing unit 38 of the 
engine controller 18 serves as exhaust gas sensor ac- 
tivating means and catalyst activating means. The 
cranking commanding unit 32 of the electric generation 
management device 21 serves as engine start signal 
outputting means. The cranking commanding unit 32 of 
the electric generation management device 21 , the mo- 
tor control unit 44 of the generator controller 20, and the 
generator energy supply controller 19 jointly serve as 
cranking means 47. The ignition commanding unit 33 of 
the electric generation management device 21 and the 
starting ignition control unit 40 of the engine controller 



1 8 jointly serve as engine control means 48. The switch- 
ing commanding unit 34 of the electric generation man- 
agement device 21, the switching control unit 45 of the 
generator controller 20, and the generator energy sup- 
s ply controller 19 jointly serve as generator operation 
switching means 49. 

[0049] Operation of the electric energy generating ap- 
paratus 2 of the hybrid vehicle will be described below. 
[0050] While the vehicle propelling apparatus 1 is in 
10 operation, e.g. while the hybrid vehicle-is running or 
temporarily stopping, the electric generation manage- 
ment device 21 carries out a routine shown in FIGS. 5 
and 6 in every cycle time of 10 milliseconds, for exam- 
ple. 

is [0051] As shown in FIG. 5, the electric generation 
management device 21 first starts a 10-ms. timer in a 
STEP 1, and then the threshold value setting unit 31a 
establishes a threshold value C L for the remaining ca- 
pacity C of the battery 3 in a STEP 2. The threshold val- 

20 ue C L is used to determine whether the electric energy 
generating apparatus 2 is to be activated or not. Specif- 
ically, the threshold value setting unit 31a establishes 
the threshold-value C L according to a predetermined da- 
ta table as shown in FIG. 7 depending on the present 

25 atmospheric pressure AT P detected by the atmospheric 
. pressure sensor 22. As shown in FIG/ 7, the threshold 
value C L is higher as the detected atmospheric pressure 
. AT P is lower. Under the atmospheric pressure in a plain 
geographic region, the threshold value C L is set to 20 

30 % of the full battery capacity which is 100 % when the 
battery 3 is fully charged. In a highland where the at- 
mospheric pressure is lowerthan the atmospheric pres- 
sure in a plain geographic region, the threshold value 
C L is set to a value higher than 20 % : e.g. 40 % of the 

35 full battery capacity. 

[0052] After having established the threshold value 
C L , the electric generation management device 21 car- 
ries out decision STEPS 3 ~ 10, and activates the en- 
gine controller 18 depending on the results of the deci- 

40 sion STEPS 3 ~ 10, 

[0053] Specifically, the electric generation manage- 
ment device 21 determines whether an E.M.FIg (Energy 
Management Flag) is w 1° or "0° in a STEP 3. The E M. 
Fig indicates whether a electric energy generation con- 

45 trol mode (described later on) has been carried out or 
hot. The E.M.FIg is "1" if the electric energy generation 
control mode has been carried out, and "O" if the electric 
energy generation control mode has not been carried 
out. If the E.M.FIg is "1" in the STEP 3 (YES), then the 

50 electric energy generation control mode is continuously 
carried out. 

[0054] If the E.M.FIg is *0 n in the STEP 3 (NO), then 
the electric generation management device 21 deter- 
mines whether the canister is being purged or not in a 
55 STEP 4. If the canister is being purged (at this time, the 
engine 16 is controlled by the engine controller 18 under - 
the command from the canister purging system 30), 
then electric generation management device 21 resets 
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the E.M.FIg to "0 B in a STEP 12, and thereafter sus- 
pends or inactivates the electric energy generating ap- 
paratus 2 in a STEP 1 3. Specifically in the STEP 1 3, the 
supply of electric energy from the generator 17 to the 
battery 3 and the propulsive electric motor 4 is stopped 
or suspended, but the engine 1 6 is controlled by the can- 
ister purging system 30. 

[0055] If the canister is not being purged in the STEP 
4 (NO), then the electric generation management device 
21 compares the present remaining capacity C of the 
battery 3 which is recognized by the remaining capacity 
recognizing unit 13 with the established threshold value 
C L in a STEP 5. If C > C L , i.e. if the remaining capacity 
C of the battery 3 is not substantially lowered, then the 
electric generation management device 21 compares 
the present effective maximum output P MAX of the bat- 
tery 3 which is determined by the effective maximum 
output calculating unit 1 5 with a predetermined required 
maximum output P motor for the propulsive electric motor 
4, i.e. a power output of the propulsive electric motor 4' 
which is required when the accelerator operation A is 
. maximum, in a STEP 6. ' 
[0056] If C < C L or P MAX < P motor , i.e. if remaining ca- 
pacity C of the battery 3 is substantially lowered or the 
battery 3 is incapable of producing an energy output 
necessary to propel the hybrid vehicle, then the start 
commanding unit 31 of the electric generation manage- 
ment device 21 applies start signals successively to the 
engine controller 18 and the generator controller 20 to 
activate them in STEPS 8, 8a, 9, 9a. When the engine 
controller 18 is activated, the sensor/catalyst energizing 
unit 38 starts energizing and activating the exhaust gas 
sensor 23 and the exhaust gas purifying catalyst 24, and 
simultaneously the activation determining unit 39 starts 
determining whether the exhaust gas sensor 23 and the 
exhaust gas purifying catalyst 24 have been activated 
or riot. Specifically, the activation determining unit 39 de- 
termines whether the exhaust gas sensor 23 and the 
exhaust gas purifying catalyst 24 have been energized 
by the sensor/catalyst energizing unit 38 for respective 
periods of time in excess of preset periods of time, or 
the temperatures of the exhaust gas sensor 23 and the 
exhaust gas purifying catalyst 24 have exceeded re- 
spective preset temperatures. When the exhaust gas 
sensor 23 and the exhaust gas purifying catalyst 24 
have been energized for respective periods- of time in 
excess of preset periods of time, or the temperatures of 
the exhaust gas sensor 23 and the exhaust gas purifying 
catalyst 24 have exceeded respective preset tempera- 
tures, the activation determining unit 39 determines. that 
both the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been activated, and outputs 
a signal indicative of their activation to the electric gen- 
eration management device 21 . 
[0057] After having activated the engine controller 1 8 
and the generator controller 20, the electric generation 
management device 21 instructs the engine controller 
18 to effect an initial control process for operating the 



engine 16 in STEPs 10, 10a. After the initial control proc- 
ess, the electric generation management device 21 de- 
termines whether the exhaust gas sensor 23 and the 
exhaust gas purifying catalyst 24 have been activated 

5 or not based on a signal from activation determining unit 
39 in a STEP 11. " \ 

[0058] If C L C > and P MAX > P motor in the STEPs 5, 6, 
i.e. if the battery 3 has a sufficient remaining capacity, 
then the electric generation management device 21 de- 

10 termines whether there is a canister purge request sig- 
nal from the canister purging system 30 or not in a STEP 
.7. If there is no canister purge request signal, then the 
electric energy generating apparatus 2 is suspended or 
inactivated in the STEPs 12, 13. If there is a canister 

15 purge request signal from the canister purging system 
30 in the STEP 7 (YES), then the electric generation 
management device 21 activates the engine controller 
1 8 for enabling the canister purging system 30 to purge 
the canister. 

20 [0059] As described above, if the remaining capacity 
C of the battery 3 is substantially lowered (C < C L ) or 
the battery 3 is incapable of producing an energy output 
necessary to propel the hybrid vehicle (P MAX < P motor ) 
while the vehicle propelling apparatus 1 is in .operation, 

25 then except when the canister is being purged : the en- 
gine controller 18 and the generator controller 20 are 
activated by the start commanding unit 31 of the electric 
generation management device 21, and the exhaust 
gas sensor 23 and the exhaust gas purifying catalyst 24 

30 are energized and activated by the sensor/catalyst en- 
ergizing unit 38. 

[0060] Because the threshold value C L for remaining 
capacity C of the battery 3 is greater as the ambient at- 
mospheric pressure AT P is lower, the engine controller 
35 18 is activated earlier in a highland where the atmos- 
pheric pressure AT P is relatively low than in a plain ge- 
ographical region. 

[0061] If the exhaust gas sensor 23 and the exhaust 
gas purifying catalyst 24 have been activated as con- 
40 firmed by a signal from activation determining unit 39 in 
the STEP 11 (YES), the electric generation manage- 
ment device 21. determines whether the difference IN CR 

- Nl between a starting rotational speed N CR (cranking 
rotational speed N CR ) established by the starting rota- 

45 tional speed setting unit 32a for the engine 16 and a 
present rotational speed N (= a rotational speed of .the 
.generator 17) of the engine 16 detected by the engine 
speed sensor 27 is smaller than a predetermined value 
AN or not, i.e. if the. present rotational speed N of the 

50 engine 1 6 substantially agrees with the starting rotation- 
al speed "N CR or not, in a STEP 14 (see FIG. 6). If IN CR 

- Nl^AN, i.e. if the engine 16 and the generator 17 are 
inactivated or the engine 16 has just begun to be 
cranked, then the cranking commanding unit 32 issues 

55 a cranking command to the generator controller 20 to 
crank the engine 16 in a STEP 15, and carries out a. 
cranking control mode in which the engine 16 is cranked 
by the generator 17 as a starter motor in a STEP 16. 
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[0062] The cranking control mode in the STEP 16 is 
effected by the cranking commanding unit 32 as shown 
in FIG. 8. 

[0063] In the cranking control mode shown in FIG. 8, 
the starting rotational speed setting unit 32a of the 
cranking commanding unit 32 determines a target start- 
ing rotational speed N CR f rom a data table shown in FIG. 
9 based on a present engine temperature T w of the en- 
gine 1 6 which is detected by the temperature sensor 25, 
and determines a target throttle opening TH CR for the 
engine 1 6 from a data table shown in FIG. 10 in a STEP 
1 . The data tables shown in FIGS. 9 and 10 contain pre- 
determined different target starting rotational speeds 
N CR and predetermined different target throttle open- 
ings TH CR; respectively, corresponding to various en- 
gine temperatures T w of the engine 16 for better ex- 
haust gas characteristics of the engine 16. 
[0064] The cranking commanding unit 32 outputs the 
determined target starting rotational speed N CR and the 
determined target throttle opening TH CR respectively to' 
the generator controller 20 and the engine controller 18 
. in respective STEPs 2, 3, 
[0065] At this time : the motor control unit 44 of the 
generator controller 20 determines, according to a given 
formula, a command value for a motor current neces- 
sary to bring the present rotational speed N of the. gen- 
erator 17 (= the rotational speed of the engine 16) into 
agreement with the target starting rotational speed N CR 
when the generator 17 operates as an electric motor, 
and gives the determined command value to the gener- 
ator energy supply controller 19. Based on the given 
command value, the generator energy supply controller 
1 9 adjusts the duty cycle of switching pulses for control- 
ling the electric energy supplied from the battery 3 to the 
generator 17. In this manner, the electric energy sup- 
plied from the battery 3 to the generator 17 which oper- 
ates as an electric motor is controlled by a feedback loop 
until the rotational speed N of the generator 17 agrees 
with the target starting rotational speed N CR . 
[0066] The throttle control unit 43 of the engine con- 
troller 18 controls the throttle opening of the engine 16 
through the throttle actuator 28 until the throttle opening 
of the engine 16 agrees with the target throttle opening 
TH CR . 

[0067] If IN CR - Nl < AN in the STEP 14 (YES) as a 
result of the cranking control mode shown in FIG. 8, i.e. 
if the rotational speed N of the generator 1 7 substantially 
agrees with the target starting rotational speed N CR) 
then the electric generation management device 21 de- 
termines whether the combustion of fuel in the engine 
16 has reached a fully combusted state or not based on 
a signal issued from the full-combustion determining 
unit 41 in a STEP 17. If not, the electric generation man- 
agement device 21 imparts an ignition command to the 
engine controller 18 to ignite fuel in the engine 16 in a 

STEP 18. , Y TIIJ y 

[0068] At this time, the starting ignition control unit 40 
controls the fuel supply unit 29 to start supplying fuel to 



the engine 16, and also controls the non-illustrated ig- 
.nition device to ignite fuel in the engine 16, starting to 
combust fuel in the engine 16. The starting ignition con- 
trol unit 40 controls the fuel supply unit 29 to supply fuel 
5 to the engine 16 while monitoring exhaust gases from 
the engine 16 with the exhaust gas sensor 23 so that 
any undesirable exhaust emissions will be minimized. 
[0069] When the engine 1 6 is thus ignited and started, 
since the exhaust gas sensor 23 has already been ac- 

10 tivated, the rotational speed N and the throttle opening 
. of the engine 16 have been controlled for better fuel ig- 
nitability, and the exhaust gas purifying catalyst 24-has 
already been activated, any undesirable exhaust emis- 
sions can sufficiently be reduced. 

75 [0070] The engine 16 is continuously cranked when 
the engine 16 is thus ignited and started. 
[0071] In controlling the engine controller 18 and the 
generator controller 20 after being activated, the electric 
generation management device 21 determines, as de- 

20 scribed above with respect to the STEP 1 7, whether the 
combustion of fuel in the engine. 16 has reached a fully 
• combusted state or not based on a signal issued from 
the full-combustion determining unit 41 . 
[0072] Specifically, whether the combustion of fuel in 

25 the engine 16 has reached a fully combusted state or 
not" is determined by the full-combustion determining, 
unit 41 in a full-combustion decision mode shown in FIG. 
11. 

[0073] As shown in FIG. 11, the full-combustion de- 

30 termining unit 41 detects a rotational speed N and an 
engine load L of the engine 16 respectively with the en- 
gine speed sensor 27 and the load detector 26 in a 
STEP 1, and then determines an engine load Lq at the " 
detected rotational speed N when the engine 16 is 

35 cranked and an engine load L F when fuel starts being 
combusted in the engine 16, i.e. when fuel is in an ignit- 
ed state to start the engine 16, from a data table shown 
in FIG. 12, in a STEP 2. The data table shown in FIG. 
1 2 contains various different engine loads Lq, L f exper- 

40 imentally determined at various rotational speeds N of 
the engine 16. At any of. the rotational speeds N of the 
engine 16, the corresponding engine load L F when fuel 
is in the ignited state in the engine 16 is. larger than the 
corresponding engine load L c when the engine 16 is 

45 cranked. When fuel in the engine 16 is in the fully com- 
busted state in which the fuel combustion is stable in the 
engine 1 6, the load on the engine 1 6 is smaller than the 
engine load L F and larger than the engine load at any 
of the rotational speeds. N. 

50 [0074] After having detected the engine load L F and 
the engine load L^, the full-combustion determining unit 
41 determines whether the present detected engine 
load L is greater than the engine load L c upon cranking 
by a predetermined value AL (see FIG. 12) or not in a 

55 STEP 3. If L < L c + AL, i.e. if the present engine load L 
is close to the engine load Lc upon cranking, then the 
full-combustion determining unit 41 determines that the 
engine 16 is being cranked. 
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[0075] If L > L c + AL, then full-combustion determining 
unit 41 determines whether the engine load L is smaller 
than the engine load L F upon start of fuel combustion 
(upon fuel ignition) by the predetermined value AL or not 
in a STEP 4. If L > L F - AL, i.e. if the present engine load 5 
L is close to the engine load L F upon start of fuel com- 
bustion, then the full-combustion determining unit 41 de- 
termines that the fuel combustion in the engine 16 is in 
an ignited state in which the fuel combustion is unstable. 
[0076] If L F - AL < L < L c + AL, then the fuel combus- 10 
tion in the engine 16 is basically considered to be in a 
fully combusted state. However, when the fuel combus- 
tion in the engine 16 is in an ignited state, the engine 
load L may temporarily be in the condition: L < L F - AL, 
because the fuel combustion is unstable. Therefore, the ?5 
full-combustion determining unit 41 determines whether 
the engine load condition: L F - AL < L < L c + AL has 
continued for a predetermined period of time or not in a 
STEP 5. If the engine load condition: L F - AL < L < + 
AL has continued for the predetermined period of time, 20 
then the full-combustion determining unit 41 issues a 
signal indicating that the engine load condition: L F - AL 

< L < + AL has continued for the predetermined pe- 
riod of time to the electric generation management de- 
vice 21 in a step 6. If the engine load condition: L F - AL 25 

< L < L c + AL has not continued for the predetermined 
period of time, then the full-combustion determining unit 
41 determines that the fuel combustion in the engine 16 
is still in an ignited state. 

[0077] The full-combustion decision mode thus car- 30 
ried out as described above with reference to FIG. 11" 
allows the electric generation management device 21 to 
determine reliably that the fuel combustion in the engine • 
16 is in a fully combusted state. 

[0078] When the electric generation management de- 35 
vice 21 has determined that the fuel combustion in the 
engine 16 is' in a fully combusted state after the start of 
the fuel combustion, the electric generation manage- 
ment device 21 determines whether the generator 17 is 
switched from the motor mode to the generator mode, 40 
based on a response signal from the generator control- 
ler 20 in a STEP 1 9 in FIG. 6. If not, the switching com- 
manding unit 34 instructs the generator controller 20 to 
switch the generator 1 7 from the motor mode to the gen- 
erator mode in a STEP 20. 45 
[0079] The switching control unit 45 of the generator 
controller 20 now switches the generator 17 from the 
motor mode to the generator mode in a generator 
switching control mode shown in FIG. 13. 
[0080] Specifically, as shown in FIG. 1 3, the switching so 
control unit 45 detects a present rotational speed N of 
the generator 17 with the engine speed sensor 27 in a 
STEP 1 . Then, the switching control unit 45 determines, 
according to a given formula, a command value l 0UT M 
for a motor current necessary to bring the present rota- - ^ 
tional speed N of the generator 17 into agreement with 
the target starting rotational speed N CR given from the 
starting rotational speed setting unit 32a when the gen- 



erator 17 operates as an electric motor, in a STEP 2. 
Similarly, the switching control unit 45 determines, ac- 
cording to a given formula, a command value I D ut g for 
a generator current necessary to bring the present ro- 
tational speed N of the generator 1 7 into agreement with 
the presently given target starting rotational speed N CR 
when the generator 17 operates as a generator, in a 
STEP 3. 

[0081] The switching control unit 45 compares the de- 
tected rotational speed N and the target starting Vota- 
tional speed N CR in a STEP 4. If N £ N CR , i.e. if the ro- 
tational speed N is slightly higher than the target starting 
rotational speed N CR , then the switching control unit 45 
outputs the command value I 0 ut m determined in the 
STEP 2 to the generator energy supply controller 1 9 in 
a STEP 5. The generator energy supply controller 19 
now adjusts the duty cycle of switching pulses according 
to the command value l OUT M for thereby reducing the 
rotational speed of the generator 17 so as to be lower 
than the target starting rotational speed N CR . 
[0082] If N < N CR in the STEP 4 (YES), i.e. if the ro- 
tational speed N is slightly lower than the target starting 
rotational speed N CR , then the switching control unit 45 
reduces. a command value Iqut m X' which is presently 
given to the generator energy supply controller 1 9 to op- 
erate the generator 1 7 as an electric motor, stepwise by 
a predetermined value AI M until the. command value 
l OUT M x will finally becomes "0" (I 0 ut m x «- 'outMx * 
AI M ), and outputs the new command value Iqut m x t0 
the generator energy supply controller 1 9 in STEPS 6 - 
8. The generator energy supply controller 19 gradually 
reduces the amount of electric energy which is being 
supplied from the battery 3 to the.generator 17 to oper- 
ate the generator 17 as an electric motor. 
[0083] Thereafter, the switching control unit 45 in- 
creases a command value l OUT G x , which is given to op- 
erate the generator 1 7 as a generator, stepwise from an 
initial value I 0 ut g int bv a predetermined value Af G until 
"the command value I 0 ut g x w '" finally reach the com- 
mand value l OUT G determined in the STEP 3 (Iqut g x 
*~ 'out^x + AI G ), and outputs the new command value 
'out g x t0 th © generator energy supply controller 19 in 
STEPs 9-13. The generator energy supply controller 
19 gradually increases the amount of electric energy 
generated by the generator 17, which has started to 
generate electric energy. 

[0084] In the above generator switching control mode, 
the.current command value applied to the generator en- 
ergy supply controller 1 9 varies as shown in FIG. 1 4(a). 
At this time, the load imposed on the engine 16 by the 
generator 1 7 does not sharply vary, but gradually varies 
from a condition in which the engine 16 is actuated by 
the generator 1 7 operating as an electric motor to a con-" 
dition in which the engine 16 actuates the generator 17 
4o cause the generator 17 to generate electric energy, 
as shown in FIG. 14(b). There, fore, because the load 
on the engine 16 is not subject to sharp changes upon 
switching from the former condition to the latter condi- 
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tion, the engine 16 operates stably and does not pro- 
duce unwanted vibrations. Since the engine 16 operates 
stably, the fuel combustion in the engine 1 6 is prevented 
from becoming unstable, and the engine 1 6 is prevented 
from emitting undesirable toxic exhaust gases. 
[0085] Afterthe generator switching control mode, the 
electric generation management device 21 carries out 
a warm-up control mode for warming up the engine 16 
and generating electric energy with the generator 17 in 
a STEP 21 in FIG. 6. 

[0086] In the warm-up control mode, the warm-up 
control unit 35 of the electric generation management 
device 21 operates in an operation sequence shown in 
FIG. 15. 

[0087] As shown in FIG. 15, the warm-up control unit 
35 first determines, in a STEP 1, a target warm-up ro- 
tational speed N w for the engine 1 6 and a target gener- 
ated output P w for the generator 17 from respective data 
tables shown in FIGS. 16 and 17 based on the temper- 
ature T w of the engine 16 which is presently detected* 
by the temperature sensor 25. 
[0088] The data tables shown in FIGS. 1 6 and 1 7 are 
established in order to suppress unwanted exhaust 
emissions from the engine 1 6 while operating the engine 
1 6 under an adequate load, i.e. a generated output from 
the generator 17, depending on .the engine temperature 
T w , and to increase the generation efficiency of the gen- 
erator 17 as much as possible. 
[0089] Then, the warm-up control unit 35 determines, 
in a STEP 2, a target reference current l uvw for the gen- 
erator 17 and a target reference throttle opening TH BASE 
for the engine '16 from predetermined maps based on 
the target warm-up rotational speed N w and the target 
generated output P w which have been determined in the 
STEP 1 . The warm-up control unit 35 determines a com- 
mand value TH OUT for the throttle opening of the engine 
1 6 from the target reference throttle opening TH BASE ac- 
cording to a predetermined formula in a STEP 3. 
[0090] The command value TH OUT for the throttle 
opening has been corrected depending on the differ- 
ence between the present rotational speed N of the en- 
.gine 16 (= the rotational speed of the generator 17) and 
the target warm-up rotational speed N w and the differ- 
ence between the present generated output of the gen- 
erator 17 and the target generated output P w , and is 
determined in order to equalize those differences to "0". 
[0091] the warm-up control unit 35 outputs the deter- 
mined throttle opening command value THoyjto the en- 
gine controller 1 8 in a STEP 4. The engine controller. 1 B 
now controls the throttle control unit 43 to control the 
throttle opening of the engine 1 6 through the throttle ac- 
tuator 28 according to the given command value TH OUT . 
[0092] The warm-up control unit 35 then outputs tar- 
get warm-up rotational speed N w , the target generated 
output P w , and the target reference current l uvw to the 
generator controller 20 in a STEP -5. The generatorxon 
trol unit 46 of the generator controller 20 corrects the 
target reference current l uvw depending on the differ- 



ence between the present rotational speed N of the gen- 
erator 17 and the target warm-up rotational speed N w 
and the difference between the present generated out- 
put of the generator 1 7 and the target generated output 
5 P w according to a predetermined formu la, thereby to de- 
termine a command value l OUT for the generator current 
for equalizing the rotational speed of the generator 17 
and the generated electric energy from the generator 17 
• to respective target values, and outputs the command 

10 value l OUT to the generator energy supply controller 1 9. 
The generator energy supply controller 19 adjusts the 
duty cycle of switching pulses according to the given 
command value l OUT , thereby controlling the amount of 
electric energy generated by the generator 17. 

75 [0093] In the warm-up control mode, the rotational 
speed N of the engine 16 and the generator 17 is con- 
trolled so as to be equal to the target warm-up rotational 
speed N^, and the generated output of the generator 
1 7 is controlled so as to be equal to the target generated 

20 output P w \ The engine 10 is thus warmed up with low 
unwanted exhaust emissions, and the generator 17 is 
actuated by the engine 16 to generate electric energy. 
The electric energy generated by the generator 17 is 
supplied to the battery 3 to charge the battery 3 and also 

25 to the propulsive electric motor 4 to propel the hybrid . 
vehicle/ 

[0094] In the warm-up control mode, the combustion 
control unit 42 of the engine controller 16 supplies fuel 
to the engine 16 to warm up the engine 16 in a manner 

30 to reduce unwanted exhaust emissions while monitoring . 
exhaust gases with the exhaust gas sensor 23. 
[0095] When the propulsive electric motor 4 is sub- 
jected to regenerative braking in the warm-up control 
. mode, the regeneration control unit 37 of the electric 

35 generation management device 21 carries out a regen- 
eration control mode which corrects the throttle opening 
command value TH OUT that is determined from time to 
time by the warm-up control unit 35, in a STEP 25 shown 
in FIG. 6. Such a regeneration control' mode will be de- 

40 scribed later on. 

[0096] In the warm-up control mode, the outputting of 
the command value l 0UT for the generator current from 
the generator controller 20 to the generator energy sup- 
ply controller 19 is delayed from the outputting of the 

45 . throttle opening command value TH OUT from the electric 
generation management device 21 to the engine con- 
troller 18. Such output delaying will also be described 
later on. 

[0097] In FIG. 6, if the generator 17 switches its op- 
50 eration mode in the STEP 19 and the engine 10 starts 
being warmed up, then the electric generation manage- . 
ment device 21 determines, from time to time, whether 
the warming-up of the engine 16 is finished or not, for 
example, based on the engine temperature T w detected 
55 by the temperature sensor 25, in a STEP 22. 
_ [0098] If the warming-up of the engine 16 is finished, 
the electric generation management device 21 sets the 
E.M.FIg to "1" in a STEP 23, and carries out an electric 
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generation control mode in a STEP 24. 
[0099] The electric generation control mode is carried 
out by the electric generation control unit 36 of the elec- 
tric generation management device 21 as shown in FIG. 
18. ' 5 

[0100] In FIG. 18, the electric generation control unit 
36 determines a target reference rotational speed 
n base tor tne engine 1 6 and the generator 1 7 and a tar- 
get reference generated output P B ase * or the.generator 

1 7 from respective predetermined data tables shown in 70 
FIGS/1 9 and 20 based on the vehicle speed V CAR sup- 
plied from the vehicle propulsion management device > 
6, in a STEP 1 . The data tables shown in FIGS. 1 9 and . 

20 are determined such that as the vehicle speed V CAR 
is higher, i.e. as the amount of electric energy required is 
by the propulsive electric motor 4 is greater, the amount 
of electric energy generated by the generator 17 is 
greater. 

[0101] The electric generation control unit 36 corrects 
the target reference rotational speed N BASE depending 20 
on the difference with the present rotational speed N, 
„ thereby determining a target rotational speed N TR for 
the engine 16 and the generator 17, and also corrects 
the target reference generated output P BASE depending 
on the difference with the present generated output, 25 
thereby determining a target generated output P TR , in a 
STEP 2. 

[0102] The electric generation control unit 36 checks 
if the target rotational speed N TR and the target gener- 
ated output P TR fall respectively in an allowable speed 30 
range of the engine 16 and the generator 17 and an al-Z 
Ibwable generated output range of the generator 17 in 
a STEP 3. Thereafter, the electric generation control unit 
36 determines a target reference current l uvw for the . 
generator 1 7 and a target reference throttle opening TH. 35 
base for tne engine 1 6 from predetermined maps in the 
same manner as with the warm-up control mode, in a 
STEP 4. 

[0103] Then, as with the warm-up control mode, the 
electric generation control unit 36 corrects the target ref- 40 
erence throttle opening JH BASE according to a prede- 
termined formula depending on the difference between 
the target rotational speed N TR and the present rotation- 
al speed N and the difference between the target gen- 
erated output P TR and the present generated output, 45 
thus determining a command value TH OUT for the throt- 
tle opening which will equalize the rotational speed and 
the generated output to respective target values, in a 
STEP 5. The electric generation control unit 36 then out- 
puts the command value TH OUT to the engine controller so 

18 in a STEP 6. The engine controller 18 now controls 
the throttle control unit 43 to control the throttle opening 
of the engine 16 through the throttle actuator 28 accord- 
ing to the given command value TH OUT . 

[0104] The electric generation control unit 36 outputs 55 
the target rotational speed the target generated 
output P TR , and the target reference current l uvw tothe 
generator controller 20 in a STEP 7. The generator-con- 



trol unit .46 of the generator controller 20 corrects the 
target reference current l uvw depending on the differ- 
ence between the target rotational speed N TR and the 
present rotational speed N and the difference between 
the target generated output P TR and the present gener- 
ated output according to a predetermined formula, 
thereby to determine a command value l 0UT for the gen- 
erator current. The electric generation control unit 36 
controls the generator energy supply controller 19 to 
control the amount of electric energy generated by the 
generator 17 according to the given command value 
'out- 

[01 05] In the electric energy generation mode, the ro- 
tational speed N of the engine 16 and the generator 17 
is controlled so as to be equal to the target rotational 
speed N TR! and the generated output of the generator 
1 7 is controlled so as to be equal to the target generated 
output P TR . The generation of electric energy is thus ef- 
fected adequately by the generator 17 depending on 
conditions in which the hybrid vehicle runs. The electric 
energy generated by the generator 1 7 is supplied to the 
•battery 3 to charge the battery 3 and also to the propul- 
sive electric motor 4 to propel the hybrid vehicle. Since 
the amount of electric energy generated by the genera- 
tor 17 is greater as the amount of electric energy' re- 
quired by the propulsive electric motor 4 is greater, the 
amount of electric energy supplied from the battery 3 to 
the propulsive electric motor 4 may be smaller when the 
amount of electric energy required by the propulsive 
electric motor 4 is.greater and any reduction in the ca- 
pacity of the battery 3 is minimized. 
[0106] In the electric energy generation mode, the 
combustion control unit 42 of the engine controller 18 
supplies fuel to the engine 16 to warm up the engine 16 
in a manner to reduce unwanted exhaust emissions 
while monitoring exhaust gases with the exhaust gas 
sensor 23.' 

[0107] ' When the propulsive electric motor 4 is sub- 
jected to, or is being subjected to, regenerative braking 
in the electric energy generation mode or the warm-up 
control mode, the regeneration control unit 37 of the' 
electric generation management device 21 carries out 
a regeneration control mode which corrects the throttle 
opening command value THqut that is determined by 
the electric generation control unit 36 or the warm-up 
control unit 35 of the electric generation management 
device 21. 

[0108] The regeneration control mode is carried out 
as shown in FIG. 21 . In FIG. 21 , while electric energy is 
being generated by the generator 17, the regeneration 
control unit 37 determines from time to time whether the 
motor current l M supplied from the current sensor 10b 
through the vehicle propulsion management device 6 is 
a current flowing from the battery 3 to the propulsive 
electric motor 4 or a regenerated current flowing from 
the propulsive electric motor 4 to the battery 3, based 
on the direction of the motor current l M in a STEP 1 . 
[01 09] If the motor current l M is not a regenerated cur- 
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rent, i.e. if the propulsive electric motor 4 has not yet 
been subjected to regenerative braking J then the regen- 
eration control unit 37 determines whether the hybrid ve- 
hicle has been braked or not based on a braking signal 
from the brake switch 8 in a STEP 2 and also determines 
whether a reduction with time in the accelerator opera- 
tion A from the accelerator operation sensor 7 has ex- 
ceeded a predetermined value or not in a STEP 3. 
[01 1 0] If the hybrid vehicle has been braked or the ac- 
celerator operation A has been reduced relatively great- 
ly, then since regenerative braking is about to be effect- 
ed on the regenerative electric motor 4, the regeneration 
control unit 37 determines a corrective value ATH for the 
throttle opening command value TH OUT as a predeter- 
mined value ATHq in a STEP 4. The regeneration con- 
trol unit 37 then subtracts the determined corrective val- 
ue ATH from the throttle opening command value THE 
which is. determined by the electric generation control 
unit 36 or the. warm-up- control unit 35 as described 
above, thereby correcting the throttle opening command 
value TH oux in a STEP 5. The electric generation con- 
trol unit 36 or the warm-up control unit 35 outputs the 
corrected command value TH OUT to the engine control- 
ler 81 . 

[0111] If the motor current l M is a regenerated current 
in the STEP 1 (YES), i.e. if the propulsive electric motor 
4 has already been subjected to regenerative braking, 
then the regeneration control unit 37 determines an 
amount of regenerated electric energy according v to a 
predetermined formula from the regenerated current l M 
and a voltage V B detected by the voltage sensor 11 in 
a STEP 6. Based on the magnitude of the determined 
amount of regenerated electric energy, the regeneration 
control unit 37 determines a corrective value ATH for the 
throttle opening command value TH OUT from a prede- 
termined data table shown in FIG. 22 in a STEP 7. Ba- 
sically, the corrective -value ATH is greater as the 
amount of regenerated electric energy is greater. 
[0112] Thereafter, the regeneration control unit 37 
subtracts the determined corrective-value ATH from the 
throttle opening command value TH OUT which is deter- 
mined by the "electric generation control unit -36 or the 
warm-up control unit 35 as described above, thereby 
correcting the throttle opening command value TH 0UT 
in the STEP 5. 

[0113] The throttle opening command value TH 0UT is 
corrected for the following reasons: When the propul- 
sive electric motor 4 is operating as an electric motor, 
the electric load on the generator 17 is imposed by both 
the battery 3 and the propulsive electric motor 4. When 
the propulsive electric motor 4 is subjected to regener- 
ative braking, no electric energy is supplied to the pro- 
pulsive electric motor 4, and the electric load on the gen- 
erator 17 is imposed by only the battery 3, and hence is 
greatly reduced. When the electric load on the generator 
17 is greatly reduced, the load on the engine 16 which 
actuates the generator 17 is also greatly reduced. Con- 
sequently, the engine 16 tends to race easily. When the 



engine 16 races, the engine 16 discharges undesirable 
exhaust emissions and unduly vibrates. This condition 
can be avoided by correcting the throttle opening in a 
manner to decrease when regenerative braking is about 
5 to be effected or being effected on the propulsive electric 
motor 4. 

[0114] In the electric energy generation mode or the 
warm-up control mode, the generator current command 
value Iqut whicn is determined from time to time by the 

10 generator controller 20 under the command of the elec- 
tric generation control unit 36 or the warm-up control unit 
'35 is output to the generator energy supply controller 1 9 
at a time slightly after the time at which the throttle open- 
ing command value TH 0UT (which may be corrected by 

is the regeneration control unit 37) determined from time 
to time by the electric generation control unit 36 or the 
warm-up control unit 35 concurrent with the calculation 
of the generator current command value l OUT is output 
to the engine controller 18. 

20 [0115] More specifically, as shown in FIG. 23, in the 
electric generation control mode, for example, the elec- 
tric generation control unit 36 and the generator control 
unit. 46 simultaneously determine a command value 
TH OUT for the throttle opening and a command value 

25 'out g f° r tne generator current, respectively, in a STEP . 
1, and thereafter the electric generation management 
device 21 determines a difference AN TR between the 
target rotational speed N TR for the generator 17 which 
has been given to the generator controller 20 in a pre- 

30 ceding cycle time and the target rotational speed N TR 
for the generator 17 which has been given to the gen- 
erator controller 20 in a present cycle time in a STEP 2. 
[0116] The electric generation management device 
21 determines whether the rotational speed of the en- 

35 gine 16 is increased or reduced. depending on whether 
the difference AN TR is positive or negative in a STEP 3. 
If AN TR > 0, then the electric generation management • 
device 21 determines a delay time T DLY for the time to 
output the generator current command value I 0 ut g 

40 from a predetermined speed increasing map based on 
the present rotational speed N detected by the engine 
speed sensor 27 and the difference AN TR in a STEP 4a. 
If AN TR < 0, then the electric generation management 
device 21 determines a delay time T DLV for the time to 

45 output the generator current command value I 0 ut g 
from a predetermined speed red ucing map based on the 
present rotational speed N and the difference AN TR in a 
STEP 4b. Basically, the delay time T DLY increases as 
the difference AN TR is greater. 

so [011 7] Then, the electric generation management de- 
vice 21 outputs the throttle opening command value 
TH OUT from the electric generation control unit 36 to the 
engine controller 18, varying the throttle opening of the 
engine 16 in a STEP 5. The electric generation manage- 

55 ment device 21 determines whether the delay time T DLY 
has elapsed or not in a STEP 6. If the delay time T DLY 
has elapsed, then the electric generation management 
device 21 controls the generator controller 20 to output 
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the generator current command value Iqut g t0 tne 9 erv 
erator energy supply controller 19, varying the duty cy- 
cle of switching pulses which control the amount of elec- 
tric energy generated by the generator 17 in a STEP 7, 
[0118] The above operation sequence shown in FIG. 
23 is carried out also in the warm-up control mode. 
[0119] The time to output the generator current com- 
mand value.l 0UT G;is delayed tor the reasons described 
below. 

[0120] Generally, while the generator 17 can be con- 
trolled with a good response, the engine 16 tends to suf- 
fer a delay in varying the amount of intake air when a 
command is given to vary the throttle opening. There- 
fore, when the current of the generator 1 7 and the throt- 
tle opening of the engine 16 are simultaneously control- 
led, even though the current of the generator 17 can be 
controlled immediately, the engine 1 6 suffers a delay un- 
til it produces drive forces demanded by the varied throt- 
tle opening. Therefore, the engine 16 undergoes load 
variations before the drive forces generated by the en- 
gine 16 vary, and tends to operate unstably. When the 
engine 16 operates unstably, the engine 16 discharges 
undesirable exhaust emissions and unduly vibrates.- 
The time of the delay generally differs depending on the 
rotational speed of the engine 16, a variation in the ro- 
tational speed thereof, or the direction in which the ro- 
tational speed thereof varies, i.e. whether the rotational 
speed thereof increases or decreases. 
[0121] To avoid the above problems, the time to out- 
put the generator current command value I Q ut g is de " 
layed for the delay time T DLY depending on the target 
rotational speed N TR for the engine 16, the difference 
AN TR , and whether the difference AN TR is positive of 
negative, i.e. whether the rotational speed is increased 
or reduced. When the time to output the generator cur- 
rent command value l OUT G is delayed for the delay time 
T DLYj the current control for the generator 17 and the 
drive force control for the engine 16 are synchronized 
with each other thereby to operate the engine 1 6 stably. 
As a consequence, the engine 1 6 is prevented from dis- 
charging undesirable exhaust emissions and unduly vi- 
brating. 

[0122] On the hybrid vehicle in the above embodi- 
ment, the above operation sequence is repeated in each . 
of the cycle times. Specifically, if the remaining capacity 
C of the battery 3 is reduced (C < C L ) or the battery 3 is 
unable to output the amount of electric energy required 
to propel the hybrid vehicle (P MAX < P motor ) while the 
vehicle propelling apparatus 1 is in operation such as 
when the hybrid vehicle is running, then except when 
the canister is being purged, the engine 16 is started by 
the generator 17 acting as a starter motor. After the en- 
gine 16 has been warmed up, the generator 17 gener- 
ates electric energy depending on conditions in which 
the hybrid vehicle runs, and the generated electric en- 
ergy Is supplied to the battery 3 and the propulsive elec- 
tric motor 4. 

[0123] When the hybrid vehicle is running on a high- 



land, for example, since air supplied to the engine 1 6 for 
burning fuel therein is thinner than in plain geographical 
• regions, drive forces produced by the engine 16 are 
smaller than in plain geographical regions, and hence 
s the amount of electric energy generated by the genera- 
tor 1 7 is reduced, allowing the battery 3 to be discharged 
quickly. However, inasmuch as the threshold value C L 
for determining the time to activate the electric energy 
generating apparatus 2 is greater as. the atmospheric 
10 pressure is lower, the battery 3 and the propulsive elec- 
tric motor 4 start being supplied with electric energy from 
the generator 17 at an early stage where the capacity 
of the battery 3 is relatively large. Therefore, since it 
takes time until the capacity of the battery 3 is lowered 
to a level where the battery 3 needs to be charged, the 
hybrid vehicle can travel a sufficiently long range on the 
highland in the same manner as when it runs in plain 
geographical regions. 

[0124] When the battery 3 is. unable to output the 
amount of electric energy required to propel the hybrid 
vehicle (P MAX ^ P mo tor)> tne electric energy generating 
apparatus 2 begins to generate electric energy. Conse- 
quently, the running performance of the hybrid vehicle 
. is sufficiently maintained. 

[0125] As described above, the electric energy gen- 
erating apparatus 2 is activated at an appropriate time 
determined in view of the condition of the battery 3 and 
the running performance of the hybrid vehicle, for sup- 
plying electric energy to the battery 3 and the propulsive 
electric motor 4. When the engine 1 6 is started, it tends 
to produce unwanted exhaust emissions and undue vi- 
brations. However, because the engine 16 is started un- 
deradequate conditions as described above, the engine 
16 has exhaust gas properties and vibration character- 
istics optimized for environmental protection. 
[0126] While the electric energy generating apparatus 
2 is activated depending on the remaining capacity C of 
the battery 3 and the effective maximum output P MAX in 
the above embodiment, the electric energy generating 
apparatus 2 may be activated only when the rate of 
change with time of the remaining capacity C sharply 
decreases beyond a given value due to a sharp-increase 
in the accelerator operation A. Specifically, when the re- 
maining capacity C of the battery 3 is of a relatively low 
level, if the accelerator operation A is sharply increased, 
then the remaining capacity C of the battery 3 is sharply 
reduced/and no sufficient electric energy is supplied 
from the battery 3 to the propulsive electric motor 4, with 
the result that the hybrid vehicle may not be able to meet 
certain required demands for running performance, e.g. 
may not be able to accelerate quickly. In such a case, 
the electric energy generating apparatus 2 may be ac- 
tivated to avoid the above shortcoming. Specifically, to 
activate the electric energy generating apparatus 2, a 
STEP (not shown) is added between the STEPS 5, 6 
shown in FIG. 5 for comparing the rate of reduction with 
time in the remaining capacity C of the battery 3 with a 
predetermined value. If the rate of reduction with time 
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in the remaining capacity C of the battery 3 exceeds the 
predetermined value, i.e. if the remaining capacity C of 
the battery 3 sharply decreases, control goes from the 
non-illustrated STEP to the STEP 8 in FIG. 5, as if from 
the STEP 5 (YES) to the STEP 8. If the rate of reduction s 
with time in the remaining capacity C of the battery 3 is 
equal to or lower than the predetermined value, then 
control goes to the STEP 6. 

[0127] While the starting rotational speed N CR of the 
engine 1 6 is established depending on the engine tern- to 
perature T w in the above embodiment, the starting ro- 
tational speed N CR may be established depending on 
the intake temperature of the engine 16. To this end, a 
temperature sensor (not shown) for detecting the intake 
temperature of the engine 16 is added to the hybrid ve- ts 
hide, and a starting rotational speed N CR is established 
according to a predetermined data table, similar to the 
data table shown in FIG. 9, for example, based orvthe 
intake temperature detected by the added temperature 
sensor. '20 
[0128] Although a certain preferred embodiment of 
the present invention has been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 25 



Claims 

1. An electric generation control system for use oh a 30 
hybrid vehicle.having a vehicle propelling apparatus 
(1 ) including a battery (3) and a propulsive electric 
- motor (4) energizable by the battery (3), and an 
electric energy generating apparatus (2) including 
an engine (16) and a generator (1.7) actuatable by 35 
the engine (16), the generator (17) being operable 
in a motor mode in which the generator (17) is en- 
ergized by the battery (3) to operate as a starter mo- 
tor for starting the engine (16) while the vehicle pro- 
pelling apparatus (1).is in operation, and a genera- 40 
tor mode in which after the engine (16) is started, . 
the generator (17) is actuated by the engine (16) to 
generate electric energy to be supplied to the bat-' 
tery (3) and/o.r the propulsive electric motor (4), 
wherein said electric generation control system <*5 
comprises: 

remaining capacity recognizing means (13) for 
recognizing a remaining capacity (C) of the bat- 
. tery (3); so 
start signal putputting means (31) for issuing a 
start signal to activate the electric energy gen- 
erating apparatus (2) when the remaining*ca- 

pacity of the battery (3) as recognized by said 

remaining capacity recognizing means (13) is 55 
either lower than a predetermined threshold 
value (C L ) or sharply reduced; and 
an exhaust gas sensor (23) associated with the 



engine (16) for detecting exhaust gases emit- 
ted from the engine (16); and wherein said sys- 
tem is characterized in that it further comprises: 
an exhaust gas sensor activating means (38) 
for energizing and activating said exhaust gas 
sensor (23) based on said start signal; 
exhaust gas sensor activation determining, 
means (39) for determining whether said ex- 
haust gas sensor (23) has been activated or not 
after the exhaust gas sensor (23) has started 
being energized; 

engine start signal outputting means (32) for 
outputting an engine start signal to start the en- 
gine (16) based on a signal from said exhaust 
gas sensor activation determining means (39), 
which indicates that said exhaust gas sensor 
(23) has been activated; 
cranking means (47) for energizing the gener- 
ator (17) with the battery (3) to operate the gen- 
erator (17) as. the' starter motor in the motor 
mode based on said engine start signal, and 
controlling the generator (17) to equalize a ro- 
tational speed (N) of the engine (16) actuated 
by the generator (1 7) to a predetermined start- 
ing rotational speed (N CR ) ; 
engine control means (1 B) for starting to supply 
fuel to the engine (16) when the rotational 
speed of the engine (16) reaches said prede- 
termined starting rotational speed, and starting 
. to combust the fuel in the engine (16) while 
' monitoring exhaust gases from the engine (16) 
with said exhaust gas sensor (23); 
full-combustion determining means (41 ) for de- 
termining whether combustion of the fuel in the 
engine (.16) has reached a fully combusted 
state representing stable fuel combustion in the 
engine (16); and. ' . 
generator operation switching means (45) for 
switching operation of the generator .(1 7) for the 
motor mode to the generator mode based on a 
signal from said full-combustion determining 
means (41), which indicates that combustion of 
the fuel in the engine (1 6) has reached the fully 
combusted state. 

2. Ah electric generation control system according to 
claim 1, further comprising: 

temperature detecting means (25) for detecting 
at least an engine temperature (T w ) or an in- 
take temperature of the engine (16); and . 
starting rotational speed setting means (32a) 
for establishing said starting rotational speed 
(N CR ) for starting the engine (16) based on the 
engine temperature (T w ) or the intake temper- 
ature detected by said temperature detecting 
means (25). . 
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3. An electric generation control system according to 
claim 1 or 2, further comprising: 

load detecting means (26) tor detecting a load 
(L) on the engine (16); s 
said full-combustion determining means (41) 
comprising means tor' determining that com- 
bustion of the fuel in the engine has reached 
the fully combusted state when the load on the 
engine is detected by said load -detecting 10 
means (26) as falling in a predetermined range 
between a predetermined engine load (L c ) to 
be imposed when the engine is cranked by the 
generator (17) as the starter motor in the motor 
mode and a predetermined engine load (L F ) to is 
. be imposed when the engine. (16) starts to com- v 
bust the fue). 

.4. Ah electric generation control system according to 
claim 3, wherein said full-combustion determining' 20 
means (41 j comprising means for determining that 
.combustion of the fuel in the engine (16) has 
reached the fully combusted state when the load (L) 
on the engine (16) is detected by said load detecting 
- means (26) as falling in said predetermined range 25 
continuously for a predetermined period of time. 

5. An electric generation control system according to 
claim 3 or 4, wherein said predetermined engine 
load (L c ) to be imposed when the engine (16) is so 
cranked by the generator (17) as the starter motor 
and said predetermined engine load (L F .) to be im- 
posed when the engine (16) starts to combust the 
fuel are determined depending on the rotational ■ 
speed (N) of the engine (16). 35 

6. An electric generation control system according to 
any preceding claim, further comprising: 

an exhaust gas purifying catalyst (24) energiz- 40 
able for activation for purifying the exhaust gas- 
es from the engine (16); and 
catalyst activating means (38) for energizing 
said exhaust gas purifying catalyst (24) to acti- 
vate the exhaust gas purifying catalyst based 45 
on said start signal; 

said engine start signal outputting means (31) 
comprising means for outputting said start sig- 
nal when said exhaust gas sensor (23). has 
been activated as determined by said exhaust so 
gas sensor activation determining means (39), 
and said exhaust gas purifying catalyst (24) has 
been energized by said catalyst activating 
means (38) for at least a period of time required 
to activate the exhaust gas purifying catalyst S5 
(24) or said exhaust gas purifying catalyst (24) 
has been heated to at least a predetermined 
temperature. 



7. An electric generation control system according to 
any preceding claim, wherein said generating oper-. 
ation switching means (45) comprises means for 
switching operation of the . generator (17) by gradu- 
ally reducing an amount of electric energy supplied 
to said generator (17) when the generator operates 
in said motor mode and thereafter gradually in- 
creasing an amount of electric energy generated by 
said generator (1 7) when the generator operates in 
said generator mode. 

8. An electric generation control system according to 
any preceding claim, further comprising: 

atmospheric pressure detecting means (22) for 
detecting an atmospheric pressure (AT P ); and 
remaining-capacity threshold value setting 
means (31 a) for establishing said predetermin- 
ing threshold value (CJ depending on the at- 
mospheric pressure (AT P ) detected by said at- 
mospheric pressure detecting means (22) such 
that said predetermined threshold value (C L ) is 
higher as the atmospheric pressure (AT P ) de- 
tected by said atmospheric pressure detecting 
means (22) is lower. 

9. An electric generation control system according to 
any preceding claim, further comprising: 

battery voltage detecting means ( 1 1 ) for detect- 
ing a voltage (V B ) across the battery (3); 
battery current detecting means (10a) for de- 
• tecting a current (l B ) of the battery (3): 
current/voltage characteristics detecting 
means (14) for detecting current/voltage char- . 
acteristics of the battery (3) based on the volt- 
age detected by said battery voltage detecting 
means (11) and the current detected by said 
battery current detecting means (10a); and 
effective maximum output calculating means 
(1 5) for determining an effective maximum put- 
P ut ( p max) which can De produced by the bat- , 
tery (3) at a predetermined minimum drive volt- 
age for the propulsive electric motor (4) from 
said current/voltage characteristics detected 
by said current/voltage characteristics detect- 
ing means (14); 

said start signal outputting means (31 ) compris- 
ing means for outputting said start signal when 
the effective maximum output (P MAX ) which can 
be produced by the battery (3) is at most a max- 
- imum output (P M0T0R ) of the propulsive electric 
motor (4). 

10. An electric generation control system according to 
any preceding claim, further comprising: 

temperature detecting means (25) for detecting 
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an engine temperature (T w ) of the engine (16); 
vehicle speed detecting means (9) tor detecting 
a vehicle speed of the hybrid vehicle; . 
warm-up control means (35) for controlling the 
engine (16) and the generator (17) to operate 
at the rotational speed of the engine (16) de- 
pending on the engine temperature (T w ) de- 
tected by said temperature detecting means 
(25) and an amount of electric energy (P w ) gen- 
erated by the generator (17) after the generator 
(17) has been switched from the motor mode 
to the generator mode by said generator oper- 
ation switching means (45); and 
electric generation control means (36) for con- 
trolling the engine (16) and the generator (17) . 
to operate at the rotational speed of the engine 
depending on the vehicle speed detected by 
said vehicle speed detecting means (9) and an 
amount of electric energy generated by the 
generator (17) after the engine (16) has been' 
operated by said warm-up control means (35). 



Patentanspruche 

1. Stromerzeugungs-Steuer/Regelsystem zur. Ver- 
wendung an einem Hybridfahrzeug mit einer Fahr- 
zeugantriebsvorrichtung (1), die eine Batterie (3) 
und einen von der Batterie (3) erregbaren elektri- 
schen Antriebsmotor (4) umfaBt, und einer Strom- 
energie-Erzeugungsvorrichtung (2), die eine Ma- 
schine (16) und einen von der Maschine (16) be- 
treibbaren Generator (17) umfaBt, wobei der Gene- 
rator (17) in einem Motormodus betreibbar ist, in 
dem der Generator (17) von der Batterie (3) erregt 
wird, urn als Startermotor zum Starten der Maschi- 
ne (1 6) zu arbeiten, wahrend die Fahrzeugantriebs- 
• vorrichtung (1) in Betrieb ist, und' in einem Genera- 
tormddus,-in dem nach dem Starten der Maschine 
(16) der Generator (17) von der Maschine (16) be- 
trieben wird, urn der Batterie (3) und/oder dem elek- 
trischen Antriebsmotor (4) zuzufuhrende elektri- 
sche Energie zu erzeugen, wobei das Stromerzeu- 
gungs-Steuer/Regelsystem umfaBt: 

ein Restkapazitats-Erkennungsmittel (13) zum 
Erkennen einer Restkapazitat (C) der Batterie 

(3); . ' 

ein Startsignalausgabemittel (31 ) zum Ausge- 
ben eines Startsignals zur Aktivierung der 
Stromenergie-Erzeugungsvorrichtung (2), 
wenn die Restkapazitat der Batterie (3) gemaB 
Erkennung durch das Restkapazitats-Erken- 
nungsmittel (1 3) entweder niedriger als ein vor- 
bestimmter Schwellenwert (C L ) ist oder scharf 
abnimmt; und 

einen der Maschine (16) zugeordneten Abgas- 
sensor (23) zum Erfassen von von der Maschi- 
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ne (16) abgegebenen Abgasen; und wobei das 
System dadurch gekennzeichnet ist, daB es 
ferner umfaBt: 

ein Abgassensor-Aktivierungsmittel (38) zum 
Erregen und Aktivieren des Abgassensors (23) 
auf der Basis des Startsignals; . 
ein Abgassensor-Aktivierungs-Bestimmungs- 
mittel (39) zum Bestimmen, ob der Abgassen- 
sor (23) aktiviert worden ist oder nicht, nach- 
dem die Erregung des Abgassensors (23) be- 
gonnen hat; 

ein Maschinenstartsignal-Ausgabemittei (32) 
zum Ausgeben eines Maschinenstartsignals 
' zum Starten der Maschine (16) auf der Basis 
eines Signals von dem Abgassensor-Aktivie- " 
rungs-Bestimmungsmittel (39), das -anzeigt, 
daB der Abgassensor (23) aktiviert worden ist; 
ein AnlaBmittel (47) zum Erregen des Genera- 
tors (17) mit der Batterie zum Betreiben des 
Generators (17) als der Startermotor in dem 
Motormodus auf der Basis des Maschinenstart- 
signals, und Steuern/Regeln des Generators 
(17) zum Angleichen einer Drehzahl (N) der 
vom Generator (17) angetriebenen Maschine 
(1 6) an eine vorbestimmte Startdrehzahl (N CR ); 
ein Maschinensteuermittel (18) zum Starten. 
der Kraftstoffzufuhr zu der Maschine (16), 
wenn die Drehzahl der Maschine (16) die vor- 
bestimmte Startdrehzahl erreicht, und Starten 
der Verbrennung des Kraftstdffs in der Maschi- 
ne (1 6), wahrend die Abgase von der Maschine 
(16) mit dem Abgassensor (23) uberwacht wer- 
den; 

ein Vollverbrennungs-Bestimmungsmittel (41) 
zum Bestimmen, ob die Verbrennung des Kraft- 
stoffs in der Maschine (16) einen vollstandigen 
Verbrennungszustand erreicht hat, der eine 
stabile Kraftstoffverbrennung in der Maschine 
(16) reprasentiert; und " * 

ein Generatorbetrieb-Schaltmittel (45) zum 
Schalten des Betriebs des Generators (1 7) von 
dem Motormodus in den Generatormodus auf 
der Basis eines Signals von dem Vollverbren- 
nungs-Bestimmungsmittel (41), das anzeigt, 
daB die Verbrennung des Kraftstoffs in der Ma- 
schine (16) den vollstandigen Verbrennungs- 
- zustand erreicht hat. 

Stromerzeugungs-Steuer/Regelsystem nach An- 
spruch 1, ferner umfassend: 

ein Temperaturerfassungsmittel (25) zum Er- 
fassen zumindest einer Maschinentemperatur 
(T w ) oder einer EinlaBtemperatur der Maschi- 
ne (16); und 

ein Startdrehzahl-Setzmittel (32a) zum Festle- 
gen der Startdrehzahl (N CR ) zum Starten der 
Maschine (16) auf der Basis der vom Tempera- 
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turerfassungsmittel (25) erfaGten Maschinen- 
temperatur (T w ) oder EinlaGtemperatur. 

3. Stromerzeugungs-Steuer/Regelsystem nach An : 
spruch 1 Oder 2, ferner umfassend: s 

ein Lasterfassungsmittel (26) zum Erfassen ei- 
ner Last (L) der Maschine (16); 
wobei das Vollverbrennungs-Bestimmungsmit- 
tel (41) Mittel umfaGt, urn zu bestimmen, ,daG 10 
die Verbrennung des Kraftstoffs in der Maschi- 
ne den vollstandigen Ve rb re nnungszu stand er- 
reicht hat, wenn die vom Lasterfassungsmittel 
(26) erfaGte Last der. Maschine in einen vorbe- 
stimmten Bereich zwischen einer vorbestimm- is 
ten Maschinenlast (Lq), die wirkt, wenn die Ma- 
schine durch den Generator (17) als dem Star- 
termotor.im Motormodus angelassen wird, und 
einer vorbestimrnten Maschinenlast (L F ), die 
wirkt, wenn die Maschine (16) mit der Verbren- 20 
nung des Kraftstoffs beginnt, fallt. . 

4. Stromerzeuguhgs-Steuer/Regelsystem nach An- 
spruch 3, wobei das VollVerbrennungs-Bestim- 
mungsmittel (41) Mittel umfaBt, um zu bestimmen, 2s 
daG die Verbrennung des Kraftstoffs in der Maschi- 
ne (1 6) den vollstandigen Verbrennungszustand er- 
reicht hat, wenn die vom Lasterfassungsmittel (26) 
erfaGte Last (L) der Maschine (16) kontinuierlich 
uber eine vorbestimmte Zeitdauer in den vorbe- so 
stimmten Bereich fallt. 

5. Stromerzeugungs-Steuer/Regelsystem nach An- 
spruch 3 oder 4, wobei die vorbestimmte Motorlast 
(L c ), die wirkt, wenn die Maschine (16) durch den 35 
Generator (17) als Startermotor angelassen wird, 
und die vorbestimmte Maschinenlast (Lp), die wirkt, 
wenn die Maschine (16) mit der Verbrennung des 

- Kraftstoffs beginnt, in Abhangigkeit von der Dreh- 
zahl (N) der Maschine, (16) bestimmt werden. , 40 

6. Stromerzeugungs-Steuer/Regelsystem nach ei- 
hem der vorhergehenden Anspruche, ferner umfas- 

\ send: 

einen Abgasreinigungskatalysator (24), der zur 
Aktivierung zum Reinigen der Abgase aus der 
Maschine (1 6) erregbar ist; und 
ein Katalysator-Aktivierungsmittel (38) zum Er- 
regen des Abgasreinigungskatalysators (24) so 
zum Aktivieren des Abgasreinigungskatalysa- 
tors auf der Basis des Startsignals; 
wobei das Maschinenstartsignal-Ausgabemit- 
tel (31 ) Mittel umfaGt, um das Startsignal aus- 
zugeben, wenn der Abgassensor (23) gemaB 55 
Bestimmung durch das Abgassensor-Aktivie- 
rungs-Bestimmungsmittel (39) aktiviert worden 
ist, und der Abgasreinigungskatalysator (24) 



durch das Katalysatoraktivierungsmittel (38) 
fur zumindest eine Zeitdauer erregt worden ist, 
die zur Aktivierung des Abgasreingiungskata- 
lysators (24) erforderlich ist, oder der Abgasrei- 
nigungskatalysator (24) auf zumindest eine 
vorbestimmte Temperatur'erwarmt worden ist. 

7. Stromerzeugungs-Steuer/Regelsystem nach ei- 
. nem der vorhergehenden Anspruche, wobei das 

Generatorbetrieb-Schaltmittel (45) Mittel umfaGt, 
um den Betrieb des Generators (17) umzusch'alten, 
durch allmahliches Mindern einer dem Generator 
(1 7) zugef Ohrten elektrischen Energiemenge, wenn 
der Generator in dem Motormodus arbeitet, und an- 
schlieGend durch allmahliches Erhohen einer vom 
Generator (17) erzeugten elektrischen Energie- 
menge, wenn der Generator in dem Generatormo- 
dus arbeitet. 

8. Stromerzeugungs-Steuer/Regelsystem nach ei- 
nem der vorhergehenden Anspruche, ferner umfas- 

" send: 

ein Atmospharehdruck-Erfassungsmittel (22) 
zum Erfassen eines Atmospharendrucks 
(AT P ); und 

ein Restkapazitats-Schwellenwert-Setzmittel 
(31a) zum Festlegen des vorbestimrnten 
Schwellenwerts (C L ) in Abhangigkeit von dem 
vom Atmospharendruck-Erfassungsmittel (22) 
erfaGten Atmospharendruck (AT P ) derart, daG 
der vorbestimmte Schwellenwert (C L ) hoher 
wird, wenn der vom Atmospharendruckerfas- 
sungsmittel (22) erfaGte Atmospharendruck 
(AT P ) sinkt. 

9. Stromerzeugungs-'Steuer/Regelsystem nach ei- 
nem der vorhergehenden Anspruche, ferner umfas- 
send: 

ein Batteriespannungserfassungsmitte! (11) 
zum Erfassen einer Spannung (V B ) uber der 
Batterie (3); 

ein Batteriestromerfassungsmittel (10a) zum 
Erfassen eines" Stroms (l B ) der Batterie (3); 
ein Strom/Spannungs-Charakteristiken-Be- 

- stimmungsmittel (14) zum Erfassen von Strom/ 
Spannungscharakteristiken der Batterie (3) auf . 
der Basis der vom Batteriespannungserfas- 

^sungsmittel (11) erfaGten Spannung und dem 
vom Batteriestromerfassungsmittel (10a) er- 
faGten Strom; und 

ein effektive Maximalausgabe-Berechnungs- 
mittel (15) zum Bestimmen einer effektiven ma- 
ximalen Ausgabe (P MAX ), die von der Batterie 
(3) bei einer vorbestimrnten minimalen Be- 
triebsspannung fur den elektrischen Antriebs- 
motor (4) erzeugt werden, aus den vom Strom/ 
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lequel, une fois que le moteur (16) est demarre, le 
generateur (1 7) est actionne par le moteur (1 6) pour 
generer I'energie electrique a fournir a la batterie 
(3) et/ou au moteur electrique de propulsion (4), 
s dans lequel ledit systeme de controle de generation 
electrique comprend :' 

des moyens de reconnaissance de capacity 
restante (13) pour reconnaitre une capacite 
io . restante (C) de la batterie (3) ; 

des moyens de sortie de signal de demarrage 
(31 ) pour emettre un signal de demarrage pour 
activer I'appareil de generation d'energie elec- 
trique (2) lorsque la capacite restante de la bat- 
f5 - terie (3) telle que reconnue par lesdits moyens 

de reconnaissance de capacite restante. (13) 
est solt inferieure a une valeur de seuil prede- 
terminee (C L ), sort brusquement reduite ; et 
un detecteur de gaz d'echappement (23) asso- 
20 cie au moteur (16) pour detecter les gaz 

d'echappement emis par le moteur (16); et 
dans lequel ledit systeme est caracterise en ce 
qu'il comprend, de plus : 
un moyen d'activation de detecteur de gaz 
25 d'echappement (38) pour alimenter et activer 

s ledit detecteur de gaz d'echappement (23) sur 
la base dudit signal de demarrage ; 
des. moyens de determination d'activation de 
detecteur de gaz d'echappement (39) pour de- 
30 terminer si ledit detecteur de gaz d'echappe- 

ment (23) a ete active ou non une fois que Pali- 
mentation du detecteur de gaz d'echappement 
(23) a commence" ; 

des moyens de sortie de signal de demarrage 
35 de moteur (32) pour sortir un signal de demar- 

rage de moteur pour demarrer le moteur (16) 
sur la base d'un signal provenant desdits 
moyens de determination d'activation de detec- 
teur de gaz d'echappement (39), qui indique 
40 que ledit detecteur de gaz d'echappement (23) ■ 



Spannungs-Charakteristiken-Erfassungsmit- 
tel (14) erfaGten Strom/Spannungscharakteri- 
stiken; 

wobei das Startsignalausgabemittel (31) Mittel 
umfaftt, urn das Startsignal auszugeben, wenn 
die effektive maximale Ausgabe (P MAX ), die 
von der Batterie (3) erzeugt werden kann, 
hochstens eine maximale Ausgabe (P motor ) 
des elektrischen Antriebsmotors (4) betragt. 

10. Stromerzeugungs-Steuer/Regelsystem nach ei- 
nemder vorhergehenden Anspruche, ferner umfas- 
send: 

ein Temperaturerfassungsmittel (25) zum Er- 
tassen einer Maschinentemperatur (T w ) der 
Maschine (16); 

ein Fahrgeschwindigkeits-Erfassungsmittel (9) 
zum Erfassen einer Fahrgeschwindigkeit des 
Hybridfahrzeugs; 

ein Aufwarmsteuermittel (35) zum Steuern/Re- 
geln der Maschine (16) und des Generators 
(17) zum Betrieb bei der Drehzahl der Maschi- 
ne (16) in Abhangigkeit von der vom Tempera- 
turerfassungsmittel (25) erfaftten Maschinen- 
temperatur (T w ) und einer vom Generator (17) 
erzeugten elektrischen Energiemenge (P w ), 
nachdem der Generator (1 7) durch das Gene- 
ratorbetriebs-Schaltmittel (45) von dem Motor- 
modus in den Generatormodus geschaltet wur- 
de: und 

■ ein Stromerzeugungs-Steuermittel (36) zum 
Steuern/Regeln der Maschine (16) und des Ge- 
nerators (1 7) zum Betrieb bei der Drehzahl der' 
Maschine in Abhangigkeit von der vom Fahrge- 
schwindigkeits-Erfassungsmittel (9) erfaflten 
Fahrgeschwindigkeit und einer vom Generator 

. (17) erzeugten elektrischen Energiemenge, 
nachdem die Maschine (16) durch das Auf- 
warmsteuermittel (35) betrieben worden ist. 

R even di cations 

1. Systeme de controle de generation electrique des- 45 
tine a etre utilise sur un vehicule hybride comportant 
un appareil de propulsion de v6hicule (1 ) compre- 
nant une batterie (3) et un moteur electrique de pro- 
pulsion (4) apte a etre alimente par la batterie (3), 
etun appareil de generation d'energie electrique (2) so 
comprenant un moteur (16) et un generateur (17) 
apte a etre actionne par le moteur (16), le genera- 

- teur (17) pouvant etre actionne dans un mode mo- 
teur dans lequel le gen6rateur (17) est alimente par 
la batterie (3) pour fonctionner comme un moteur ss 
de demarreur .pour demarrer le moteur (16) tandis 
que. I'appareil de propulsion de vehicule (1) est eh 
fonctionnement, et dans un mode generateur dans 



a ete active ; 

des moyens de demarrage (47) pour alimenter' 
le generateur (17) par la batterie (3) pourfaire 
fonctionner le generateur (17) en tant que mo- 
teur de demarreur dans le mode moteur sur la 
base dudit signal de demarrage de moteur, et 
pour contrdler le generateur (17) pour egaliser 
une Vitesse de rotation (N) du moteur.(16) ac- 
tionne par le g6n6rateur (17) avec une Vitesse 
de rotation de demarrage predeterminee 

(N CR ); 

des moyens de y controle de moteur (18) pour 
commencer a alimenter le moteur (16) en car- 
burant lorsque la Vitesse de rotation du moteur 
(16) atteint ladite vitesse de rotation de demar- 
rage pr6d6termin6e, et pour demarrer la com- 
bustion du carburant dans le moteur (16) tout 
en surveillant les gaz d'echappement prove- 
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nant du moteur (16) par ledit detecteur de gaz 
d'echappement (23) ; 

des moyens de determination de combustion 
totale (41 ) pour determiner si ia combustion du 
carburant dans le moteur (16) a atteint un etat 5- ■ 
de combustion totale representant' une com- 5. 
bustion de carburant stable dans le moteur 
(16);et . * 

des moyens de commutation de fonctionne- 
ment du generateur (45) pour commuter le 10 
fonctionnement du generateur (17) du mode 
moteur vers le mode generateur sur la base 
d'un signal provenant desdits moyens de deter- 
mination -de combustion totale (41), qui indique 
que la combustion du carburant dans le moteur 15 
(16) a atteinU'etat de combustion totale. 6. 

Systeme de controle de generation electrique selon 
la revendication 1 , comprenant, de plus : 

'20 

des moyens de detection de temperature (25) 
pour detecter au moins une temperature de 
moteur (T w ) ou une temperature d'admission 
du moteur (16) ; et • 

des moyens de reglage de Vitesse de rotation 25 
de demarrage (32a) pour etablir ladite Vitesse 
j de rotation de demarrage (N CR ) pour demarrer 
le moteur (16) en fonction de la temperature de 
moteur (T w ) ou-de la temperature d'admission , - 
detectee par lesdits moyens de detection de 30 
temperature (25). 

Systeme de controle de generation electrique selon 
la revendication 1 ou 2, comprenant, de plus : 

35 

■ des moyens de detection de charge (26) pour 
detecter une charge (L) sur le moteur (16) ; 
lesdits moyens de determination de combus- 
tion totale (41) comprenant des moyens pour 
determiner que la combustion du carburant 40 
dans le moteur a atteint I'etat de combustion to- 
• , tale lorsque la charge sur le moteur est detec- 
tee par lesdits moyens de detection de charge 
(26) comme tombant dans une plage predeter- 
. minee entre une charge de moteur predetermi- 45 7. 
nee (L c ) a imposer lorsque le moteur est de- 
marre par le generateur (1 7) en tant que moteur 
de demarreur dans le mode moteur et une char- 
ge de moteur predetermine^ (L F ) a imposer 
lorsque le moteur (16) commence la combus- so 
Won du carburant. 

Systeme de controle de generation electrique selon 
la revendication 3, dans lequel lesdits moyens de 
determination de combustion totale (41 )' compren- 55 
nent des moyens pour determiner que la combus- 
tion du carburant dans le moteur (16) a atteint I'etat 
de combustion totale lorsque la charge (L) sur le 8. 



moteur (16) estdetectee par lesdits moyens de de- 
tection de charge (26) comme tombant continuelle- 
ment dans ladite plage predeterminee pendant une 
periode de temps predeterminee. 

Systeme de controle de generation electriqueselon 
la revendication 3 ou 4, dans' lequel ladite charge 
de moteur predeterminee (L^) a imposeV lorsque le 
moteur (16) est demarre par le generateur (17) en 
tant que moteur de demarreur et ladite charge de 
moteur predeterminee (L F ) a imposer lorsque le 
moteur (16) demarre la combustion du carburant 
sont determinees en fonction de la vitesse de rota- 
tion (N) du moteur (16). 

Systeme de controle de generation electrique selon 
Tune quelconque des revendications precedentes, 
comprenant, de plus : 

un catalyseur de purification de gaz d'echappe- 
ment (24) apte a etre excite afin d'etre active 
pour purifier les gaz d'echappement provenant 
du moteur (16) ; et 

des moyens d'activation de catalyseur (38) 
pour exciter ledit catalyseur de purification de 
gaz d'echappement (24) pour activer le cataly- 

. seur de purification de gaz d'echappement sur. 
la base dudit signal de demarrage ; 
lesdits moyens de sortie de signal de demarra- 
ge. de moteur (31) comprenant des moyens 
pour sortir ledit signal de demarrage lorsque le- 

* dit detecteur de gaz d'echappement (23) a ete 
active comme determine par lesdits moyens de 
determination d'activation de detecteur de gaz 
d'echappement (39), et lorsque ledit catalyseur 
de purification de gaz d'echappement (24) a ete 
excite par lesdits moyens d'activation de cata- 
lyseur (38) pendant au moins un intervalle de 
temps requis pour activer le catalyseur de pu- 
rification de gaz d'echappement (24), ou lors- 
que ledit catalyseur de purification de gaz 
d'echappement (24) a ete chauffe au moins a 
une temperature predeterminee. 

Systeme de controle de generation electrique selon 
Tune quelconque des revendications precedentes, 
dans. lequel lesdits moyens de commutation de 
fonctionnement de generation (45) comprennent 
des moyens pour commuter le fonctionnement du 
generateur (17) en rSduisant graduellement une 
quantite d'energie electrique fournie audit genera- 
teur (1 7) lorsque le generateurfonctionne dans ledit 
mode moteur et en augmentant, ensuite, graduel- 
lement une quantite d'energie electrique generee 
par ledit generateur (1 7) lorsque le generateurfonc- 
tionne dans ledit mode generateur. 

Systeme de controle de generation electrique selon 
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Tune quelconque des revendications precedentes, 
comprenant, de plus : 

des moyens de detection de pression atmos : 
pherique (22) pour detecter une pression at- s 
mospherique (AT P ) ; et 

des moyens de-reglage de valeur de seui! de 
capacite restante (31 a) pour etablir ladite va- 
leur de seuil predetermined (C L ) en fonction de 
la pression atmospherique (AT P ) detectee par 10 
lesdits moyens de detection de pression at- 
mospherique (22) de sorte que ladite valeur de 
seuil predetermined (C L ) soit plus elevee alors 
que la pression atmospherique (AT P ) detectee 
par lesdits moyens de detection depression at- is 
mospherique (22) est plus basse. 

9. Systeme decontrole de generation electrique selon 
I'une quelconque des revendications precedentes, 
comprenant, de plus : '20 

des moyens de detection de tension de batterie 
(11 ) pour detecter une tension (V B ) aux bornes 
de la batterie (3) ; 

des moyens de detection de courant de batterie 2s 
(10a) pour detecter un courant (l B ) de la batte- 
rie (3); 

des moyens de detection de caracteristique de 
courant/tension (14) pour detecter des carac- 
.teristiques de courant/tension de la batterie (3) 30 
en fonction de la tension detectee par lesdits 
moyens de detection de tension de batterie (11 ) 
et du courant detecte par lesdits moyens de de- 
. tection de courant de batterie (10a) ; et 
des moyens de calcul de sortie maximale effec- 35 
tive (15) pour determiner une sortie maximale 
effective (P MAX ) qui peut etre produite par la 
batterie (3) a une tension de commande mini- 
male predeterminee pour le moteur electrique 
de. propulsion (4) a partir desdites caract6risti- 40 
ques de courant/tension detectees par lesdits 
moyens de detection de caracteristique de cou- 
rant/tension (14) ; , 
lesdits moyens de sortie de signal de demarra- 
ge (31 ) comprenant des moyens pour sortir le- 45 . 
dit signal de demarrage lorsque la sortie maxi- 
- male effective (P MA y) qui peut 6tre produite par 
la batterie (3) est au plus une sortie maximale 
( p motor) du moteur electrique de propulsion 
(4). so 

10. Systeme decontrole degeneration electrique selon 
I'une quelconque des revendications precedentes, 
comprenant, de plus : 

55 

des moyens de detection de temperature (25) 
pour detecter une temperature de moteur (T w ) 
du moteur (16) ; 



des moyens de detection de vitesse de v6hicu- 
le (9) pour detecter une vitesse de vehicule du 
vehicule hybride ; 

des moyens de controle de chauffage (35) pour 
controler le moteur (16) et le generateur (17) 
pour qu'il fonctionne a la vitesse de rotation du 
moteur (16) en fonction de la temperature de 

. .moteur (T w ) detectee par lesdits moyens de 
detection de temperature (25) et d'une quantite 
d'energie electrique (P w ) generee par le gene- 
rateur ( 1 7) une fois que le generateur (1 7) a ete 
commute du mode moteur vers le mode gene- 
rateur par lesdits moyens de commutation de 
fonctionnement de generateur (45) ; et 
des moyens de contrGle de generation electri- 
que (36) pour controler le moteur (16) et le ge- 
nerateur (17) pour qu'il fonctionne a la vitesse 
de rotation du moteur en fonction de la vitesse 
de vehicule detectee par lesdits moyens de d6- 

- tection de vitesse de vehicule (9) et d'une quan- 
tite d'energie electrique generee par le genera- 
teur (17) une fois que le moteur (16) a ete mis 
en fonctionnement par lesdits moyens de con- 
tr&le de chauffage (35). 
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FIG. 2 
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FIG. 6 
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FIG. 11 
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FIG. 15 
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FIG. 18 
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FIG. 22 
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